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Approximately 99% of raw meat is composed of three major 
components; namely water, protein and fat (Olson, 1982). Fat is the 
most variable component in quantity, ranging from 6% fat to 88% fat. 
Water is generally the most abundant component that varies from 9% to 
75% and the protein is the least variable component, ranging from 4% to 
20%. The composition of raw meat and meat products is very important 
to both the consumer and the processor. Many meat products are 
subject to USDA regulation in terms of composition. For example, 
moisture content of cooked sausage products cannot exceed four times 
the meat protein content plus ten percent (Forrest et al., 1975). It 
is important for a meat processor to rapidly determine the composition 
of meat to remain competitive. 
Conventionally, meat composition is determined by the Association 
of Official Analytical Chemists (AOAC) methods. The moisture content 
is analyzed by oven-drying, the fat content is analyzed by ether or 
hexane extraction, and the protein composition is determined by the 
Kjeldahl method. While these methods are very accurate, they are 
also very time-consuming. It takes 18 hours to determine water and 
fat content by oven-drying and hexane extraction, and it takes about 
one and one-half hours to determine protein by the Kjeldahl method. 
These long and laborious methods are not suitable to today's large 
scale production. With preblending and computer formulation prevailing 
today, the need for rapid and accurate composition analysis methods is 
great. 
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There has been some progress in advanced analytical instrumentation 
for rapid single component analysis in the last decade. The fat 
component can be determined by x-ray absorbance, solvent extraction, and 
density determination. The moisture component can be determined by 
microwave drying, gas chromatography, and toluene distillation. Use 
of these methods has been a significant step forward in approaching 
the rapid determination of the composition of the raw meat material. 
While there are problems with determination of a single component, 
these methods have improved the uniformity and profitability of meat 
products. 
Leslie (1972) reported that infrared analysis can be used for the 
identification of organic substances, and is used in the quantitative 
analysis of single components or simple meat mixtures. The absorption 
of infrared radiation arises from the nature of chemical bonds. 
Hence, each chemical or functional group, such as keto, hydroxy, and 
so on, will absorb at a particular wavelength. This correlation 
between functional group and absorption wavelength enables significant 
conclusions about chemical structure to be drawn. The infrared 
spectrum of a substance is highly specific and provides a 'fingerprint' 
for identification and quality control. No two substances which differ 
in any way will give the same infrared spectrum. For example, 
cis/trans isomerism in unsaturated fatty acids gives rise to different 
absorption frequencies for each isomer and this may be used for 
quantitative assay. 
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The near infrared spectrum of the major food components, such as 
protein, fat, and water, lies between wavelengths of 1100 nm and 2500 nm. 
Spectroscopically, the near infrared region is dominated by weak and 
overlapping combination and overtone absorptions. When three or more 
food components are combined, the spectral definition of the individual 
component is obscured to even the trained spectroscopist (Wetzel, 1983). 
However, it is this unlikely combination of obscured, weak, and 
overlapping vibrational bands that makes the Near Infrared Reflectance 
Analysis (NIRA) the most useful and practical analytical technique 
available to the food industry. The small absorptivities of the near 
infrared region allow NIRA sampling techniques to be simple and give 
the diffuse reflectance measurement a good depth of penetration. The 
small absorptivities also cause NIRA measurements to be linear with 
concentration over a wide dynamic range. The broad and overlapped 
peaks make wavelength selection in NIRA much less critical and allow 
relatively broad-band monochromators and filters to provide the 
necessary resolution (Honigs, 1983). 
With data accumulation and manipulation on a computer using the 
statistical tool such as multiple linear regression, it is possible 
TM to scan many meat samples through InfraAlyzer 400 (Technicon 
Instrument Corp., Tarrytown, N.Y.) and find a correlation between the 
changing levels of a constituent and the absorption of near infrared 
radiation at one or more wavelengths. By using a correlation transform 
mathematical technique, an equation can be developed to determine the 
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unknown concentrations of a constituent. If all operating and 
sampling procedures are improved, the NIRA. can be a very successful 
analytical technique for the meat industry. 
Objectives 
The objectives of this experiment are: 
TM 1. To develop regression equations for InfraAlyzer 400 
(Technicon Corp., Tarrytown, N.Y.) which have high correlation 
coefficients, high F values, and low standard errors of estimate using 
the fewest number of filters as possible for each meta component being 
analyzed. 
2. To improve the sample preparation procedures and simplify 
the procedures so they can be operated by unskilled operators. 
3. To compare the predicted (NIRA) values to the corresponding 
standard method values. The standard error of difference between the 
standard values and those predicted by NIRA will give an overall 
estimate of the goodness of calibration curves. 
4. To investigate the feasibility of using NIRA to determine 
collagen levels in beef instead of using laborious and time-consuming 
wet chemical methods. 
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REVIEW OF LITERATURE 
Infrared Analysis 
Day and Feam (1982a) defined the near infrared (NIR) as that 
part of the spectrum lying between the visible region and the 
fundamental infrared (mid-IR) absorptions. Thus, it covers the range 
of wavelengths from around 800 nm to 2.5 to 2.8 ym. The NIR spectral 
region is dominated by weak overtones (weak absorption bands which 
overlap one another) and combinations of vibrational bands from the 
mid-IR region and therefore, absorbance intensities are orders of 
magnitude weaker than those in the mid-IR. Below about 1000 nm, there 
are some insignificant electronic absorption bands, in combination 
with the weaker and progressively less detectable vibrational 
overtones. The infrared spectroscopy has been regarded primarily as 
a qualitative technique and it was only during the 1970s that its 
potential for quantitative analysis has been exploited. 
The NIR spectra are usually one or two orders of magnitude less 
intense than those in the mid-IR. However, this apparent disadvantage 
leads to a significant benefit in terms of the operational convenience 
of the technique. Traditional mid-IR analysis is usually carried out 
by measurement of transmission through a very thin cell. Such cells 
have inherent problems of cleaning, calibration, contamination and 
breakage. For NIR, the cell thickness is around a millimeter (compared 
with 20 microns for mid-IR) and for reflectance spectroscopy, the cell 
thickness should not allow any transmission through the sample material. 
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The second advantage of NIR is that its radiation energy produced is 
at least an order of magnitude higher than that used in the mid-IR. 
Thus, it is somewhat easier to produce in a relatively simple NIR 
analyzer a signal-to-noise ratio far superior to that of mid-IR 
systems and to obtain an increase in sensitivity which more than 
compensates for the lower absorption sensitivities in the NIR region, 
thus allowing NIR spectrometers to measure relatively weak absorbing 
samples. The final theoretical advantage of the technique arises from 
its suitability for diffuse reflectance analysis. At the relatively 
short wavelengths in the NIR, light scattering coefficients are much 
larger than in the mid-IR and in combination with the considerably 
reduced absorption levels lead to a high ratio of scatter to 
absorption. At such high levels, reflectance response becomes linear 
with respect to concentrations. 
Advantages and disadvantages of NIR analysis 
The greatest use of NIR thus far has been for the analysis of 
solid samples. In these cases, it is usually only necessary to 
prepare the sample into a powdered or fine granular form by grinding 
before filling a sample cup, a procedure which can be taught to an 
unskilled operator in less than one hour. No weighing is necessary 
and the use of chemicals and reagents is eliminated. The speed of 
analysis is much faster than traditional standard methods (AOAC, 1980). 
Typically, the analysis of a solid material in powdered form can be 
accomplished in under one minute. The NIR analysis is easy to operate 
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and it is a nondestructive technique. This can be a significant 
advantage where the material is either in short supply or expensive 
to produce. 
One disadvantage of NIR analysis is that it is a secondary method 
which relies upon calibration against other standard methods. As 
such, its potential accuracy relates to the inherent accuracy of the 
technique against which it has been calibrated. The second drawback 
to the technique has been in the mechanism for selecting the correct 
wavelengths to apply to a given analysis. Wavelengths should be 
selected by computer regression analysis combined with a sensible use 
of chemical theory to ensure that the resultant wavelength set relates 
to the chemical composition of the material being analyzed. 
Direct spectrophotometric 
Direct spectrophotometric measures were used to measure the near 
infrared spectral absorption properties of a 2-mm thick sample of meat 
emulsions (Ben-Gera and Norris, 1968). The spectra were interpreted 
in terms of absorptions from 0-H and C-H stretching vibrations 
combined with scatter loss. Optical density differences were 
correlated with fat and moisture contents. The difference in optical 
density between 1.80 U and 1.725 U gave a high correlation with 
moisture content and the difference between 1.725 u and 1.65 U gave a 
high correlation with fat content. The spectrophotometric analysis 
predicted fat and moisture contents within an error of + 2.1% and 
+ 1.4%, respectively. 
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Bjarno (1981) added alkaline solutions to meat emulsions that 
had been subjected to proper mechanical treatment to create a stable 
emulsion. The sample was once more homogenized by a built-in 
homogenizer and then transferred to the cell for infrared (IR) 
measurements. The absorption wavelengths used were the carbon-oxygen 
double bond (5.73 ym) for fat, the nitrogen-hydrogen bond (6.5 ym) for 
protein, and the carbon-oxygen bond attached to the hydroxyl groups 
(9.5 Um) for carbohydrates. The results showed that fat absorption was 
-1 -1 
at 1740 cm and protein absorption was at 1560 cm , which were the 
frequencies used for infrared milk measurements. Furthermore, it was 
shown that the ratio between sample wavelength and reference 
wavelength roughly estimated the content of the specific components. 
Next, a variety of samples was chosen (4 port meats, 4 beef meats, 
5 liver sausages, and 3 cooked sausages), so that the parameters were 
uniformly distributed between 8.7% and 50.5% fat, and 18.28% protein. 
The sample was finely homogenized on a double knife grinder with 2 mm 
holes. Samples were weighed for duplicate determinations by the ABAC 
standard methods (Kjel-Foss automatic and Foss-Let), as well as 
duplicate determinations by IR absorbance spectrophotometry (Super-Scan, 
an instrument from N. Foss Electric A/S, Denmark). The statistical 
results showed that both repeatability and between laboratory standard 
deviation for the standard methods was 0.3%. Bjarno (1981) concluded 
that the IR absorbance method for determination of components in meat 
seemed to have a precision superior to NIR reflectance measurements 
and at the same level as standard methods. 
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Bjamo (1982) used meat products that comprised 5 cooked 
sausages, 6 liver sausages, 16 raw meat materials, and 4 fermented 
sausages to compare the differences between infrared absorbance 
spectrophotometry and well-established reference methods in 
multicomponent analysis. There were 4 laboratories participating in a 
collaborative study. For the infrared analysis, all samples were 
ground in a double knife grinder with plate openings of 2 mm. All 
samples were distributed frozen in cans. After thawing, rehomogenizing 
and remixing, samples were analyzed on the infrared instrument. After 
IR determination, all samples were transferred to reaction beakers for 
analysis by standard methods. He reported that the repeatability 
standard deviations were all acceptably low, and significantly lower 
for protein by the IR method. The repeatability was significantly 
lower for water by the reference methods. One laboratory found 
significantly lower repeatability for fat by the IR method, and 2 
laboratories found significantly lower repeatability for fat by the 
reference method. The protein, fat and water measurements were in 
good agreement between the IR method and the reference methods. He 
concluded that there was generally no significant difference between 
the IR method and well-established reference methods for protein, 
fat, and water determinations. 
The degree of unsaturation of food fats and oils is commonly 
measured by determining iodine value. Chapman (1965) suggested that 
infrared spectroscopy could be employed in the determination of the 
degree of unsaturation of fatty acid mixtures. Arnold and 
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Hartung (1971) determined the degree of unsaturation of fats and oils 
by infrared spectroscopy. Ratios of absorbance at 3.3 y (olefinic C-H 
stretching band) to absorbance of other characteristic triglyceride 
absorption bands were calculated. Relationships between these ratios 
and unsaturation, as estimated by iodine value, were determined. Their 
analyses of 25 fats and oils showed that the ratio of absorbance was 
at 3.3 1-1 to absorbance at 3.5 y (aliphatic C-H stretching band) and 
iodine values were linearly related and exhibited a correlation 
coefficient of 0.98. Estimation of degree of unsaturation of 19 
additional fats and oils revealed an average deviation of + 0.97 iodine 
value units or + 1.12% between measured values and values calculated 
from infrared absorption patterns. 
Mills and Van De Voort (1982) suggested that the measurement of 
infrared absorption by the use of a C-H stretch filter which isolates 
wavelengths in the order of 3.4 - 3.5 ]im can be used as a replacement 
for the conventional carbonyl stretch absorption measurement or as an 
additional measurement for the estimation of fat in aqueous fat 
emulsions. In their study, the use of the C-H stretch filter, the 
C=0 stretch filter, or the combination thereof, could predict the fat 
content with equal accuracy if the fat was consistent in average 
molecular weight and degree of unsaturation. For a fat which varied 
in its degree of unsaturation, the C-H filter measurement could be 
used in conjunction with the iodine value to produce accurate results. 
The combination of C=0 filter, C-H filter, and the iodine value 
produced the most accurate results when the intent was to analyze a 
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variety of fats on a single calibration. 
Lanza (1983) examined raw beef and pork samples in a Neotec 
Model 6350 Scanning Spectrocomputer (Neotec Corp., Silver Springs, MD) 
to obtain the near infrared (NIR) (1100 - 2500 nm) measurements. The 
The 6350 had a single-beam scanning monochromator that provides a 
linear scan over the 1100 - 2500 nm region. Five scans per second 
were made. Data were recorded at 2 nm intervals and 50 scans were 
averaged for every sample. A ceramic disk was used as a reference in 
the reflectance mode and an empty quartz transmission cell was used in 
the transmission mode. In the reflectance mode, the light beam was 
directed down towards the sample. Light reflected off the sample was 
then picked up by four lead sulfide cells equally spaced at 45° above 
the sample. In the transmission mode, a lead sulfide cell was 
positioned directly beneath the sample cell. The detected signal was 
fed into a log amplifier, digitized, and sent to a Nova computer (32K 
bites of memory, Neotec Corp., Silver Springs, MD). Spectral curves 
were correlated with moisture, protein, and fat percentages and 
calorie data determined by standard methods. A stepwise multiple 
regression technique was used to determine the optimum wavelengths for 
predicting each constituent. Correlation coefficients were ^  0.987 
for moisture and fat percentages, and calories, and 0.885 for protein 
percentages. The coefficients of variation for each of the 
constituents were < 3.46%. 
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Hymowitz et al. (1974) were relatively successful in estimating 
the protein and oil concentration in corn, soybean and oat seed by 
near infrared light reflectance. Biggs (1972, 1979) developed an 
infrared spectrophotometry procedure for quantitative determination of 
fat, protein, lactose and total solids percentages in milk. Osborne 
and coworkers (1981, 1983) developed the universal calibrations for 
measurement of protein and moisture percentages in flour and wheat by 
NIR analysis. The accuracy of the calibrations when compared with 
standard methods (oven-drying and Kjeldahl) was 0.25% or better for 
both moisture and protein. Allison (1983) used a Neotec Scanning 
Infrared Analyzer (Neotec Corp., Silver Springs, MD) to generate 
predictive equations for the rapid estimation of kale (a variety of 
cabbage) digestibility. His equations gave estimates of digestibility of 
samples in a calibration population that correlated highly (r=0.95) with 
the manual estimates. Osborne et jil. (1984) applied the near infrared 
reflectance spectroscopy to monitor the composition of fat, sucrose, 
dry flour and water in biscuits and biscuit doughs. Their results 
demonstrated that the precision of the NIR reflectance method was 
excellent for all four constituents. 
Norris e^  sd. (1976) predicted forage quality by using near 
infrared reflectance spectra (1.4 to 2.4 Um). Temperate and tropical 
species of forages were analyzed. Crude protein (CP), acid detergent 
fiber (ADr), neutral detergent fiber (NDF), lignin (L), and in vitro 
dry matter disappearance (IVDMD), as well as in vivo digestibility 
(DMD), dry matter intake (DMI) and digestible energy intake (DEI) were 
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analyzed in the laboratory. Reflectance (R) spectra were recorded as 
log (1/R) vs wavelength and transformed to the second derivative of 
log (1/R) vs wavelength for correlation with compositional and 
nutritional data. Multiple linear regression techniques were used to 
determine the optinum wavelengths for predicting each of the constituents 
in vitro and in vivo analyses. The correlation coefficients were 0.99 
for CP, 0.98 for NDF, 0.96 for ADF, 0.96 for L, 0.95 for IVDMD, 0.88 
for DMD, 0.80 for DMI and 0.85 for DEI. Calibration equations 
generated from the odd-numbered samples predicted the values for the 
even-numbered samples within a standard error of + 0.95% for CP, 
+ 3.1% for NDF, + 5.1% for DMD and + 7.9% for DMI. They concluded that 
infrared reflectance has the potential for use in rapid evaluation of 
forage quality. 
Fame 11 (1975) used multiple attenuated total reflection (ATR) 
spectroscopy to measure the infrared absorbance sample solutions. 
Calibration equations were developed by using the infrared absorbance 
to determine the fat and moisture contents in meat and meat products. 
The author favored this technique (multiple ATR) over conventional 
transmission measurements in that no accurately machined cell with 
fixed short path length was required; associated problems with 
interference fringes thus being eradicated. In this multiple ATR 
method, the percentage reflected intensity (R) is defined as the ratio 
of the light intensity of the sample beam passing through the multiple 
ATR unit to that of the reference beam, and is measured directly from 
the transmission scale of the spectrophotometer. The absorbance (A) 
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at any wavelength due to the presence of a solute can be expressed as 
A = log^ pR/Rs, where R and Rs are the percentage reflected intensities 
of pure solvent and solution at that wavelength. 
Kruggel et al. (1981) used an InfraAlyzer (Technicon Industrial 
Systems, Tarrytown, N.Y.) to determine the fat, protein and moisture 
components in fresh meat. Near infrared spectral absorption properties 
were determined for emulsified and ground meat samples. Six corrected 
log numbers associated with the optical responses of 6 filters in the 
InfraAlyzer were used as multiple independent variables in regression 
equations. Dependent variables for the equations were moisture, 
determined by oven-drying; fat, determined by hexane extraction; and 
protein, determined by the Kjeldahl method. InfraAlyzer log values 
were replicated 4 times on each emulsified beef sample and 3 times on 
each ground lamb sample. For emulsified meat and for ground meat, 
multiple correlation coefficients for fat ranged from 0.91 to 0.94 and 
0.83 to 0.85, respectively; for moisture, 0.90 to 0.94 and 0.83 to 
0.85, respectively; and for protein, 0.80 to 0.85 and 0.72 to 0.77, 
respectively. 
Design and development of practical NIR instruments 
A 'family' of near infrared analyzers has been developed by 
Technicon Corporation (Day & Fearn, 1982b). An interim scanning 
machine called DISC (Differential Integrating Spectral Computer) was 
developed in order to carry out Technicon's own basic research. The 
DISC was used to provide basic research information to develop a 
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range of production machines while a longer term project could be 
carried out to develop the InfraAlyzer 500, a research scanning near 
infrared instrument. 
The InfraAlyzer 400 
This first machine, chronologically, was designed to carry out 
quantitative analysis of organic constituents in agricultural products. 
The initial set of wavelengths selected for this machine was obtained 
by scanning a wide variety of samples, carrying out correlations and 
then initially choosing a set of 19 filters which would give the 
maximum possible coverage of agricultural products. 
The technique used to calculate the percentage of a constituent 
in a product where interfering absorbances are present is called 
'correlation transform'. In this statistical correlation process, 
scanning factors ('F' values) are determined for each wavelength 
measurement. This is achieved by submitting a set of unknown samples, 
covering the range required, and then, assessing the best multiple 
correlation of wavelengths, with the weighting factor being determined 
for each filter. The resulting equation will then have the following 
form; 
% X = (A)^  + Fg (A)g + + F^  (A)% + FO 
(A = Absorbance) 
where FO is a bias correction, to adjust mean values for agreement 
with a given laboratory value and where each lettered subscript 
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refers to either the constituent of interest (X) or one of the 
interferences (A, B, etc.). F^ , Fg, etc. refer to the F value, or 
correction factor for the corresponding interference, and A refers 
to the computed absorbance at each wavelength in the measurement 
(Absorbance = Log 1/R, where R is the measured reflectance, I /I. 
out xn 
= R; = sample and = Ref) (Technicon Bulletin R-74A, Technicon 
Instrument Corp., Tarry town, N.Y., 1975). 
Collagen 
The protein collagen found in connective tissue has long been 
recognized as an important influence on meat quality and contributes 
significantly to the toughness of muscle (Marsh, 1977). The total 
collagen varies with muscle location, age, and species. It has 
intermolecular crosslinks (quarter stagger array fashion) between 
tropocollagen molecules that causes the significant influence on 
tenderness. Collagen tends to increase aldimine corsslinks and 
becomes more thermal stable and insoluble with chronological age. 
The amount and nature of this intermolecular linkage is called collagen 
quality and is more related to tenderness (Bailey, 1972). The amount 
of collagen in the raw meat material is inversely related to the 
attribute of meat called bind. High bind values make the raw meat 
material more valuable for processed meats. High collagen meats have 
low bind values. Collagen solubilizes during heating and solidifies 
during cooling. These properties can result in the formation of 
unstable meat emulsions if collagen levels are too high. Most least-
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cost formulations of emulsion meat products have a maximum collagen 
level as a restraint to prevent formation of unstable emulsions. The 
collagen levels in raw meat materials, however, are only estimated 
based on average values because the determination of collagen requires 
considerable time (over 24 hours) and specialized equipment not 
normally found in meat company quality control laboratories. Since 
estimated collagen levels can be higher than actual values, many 
emulsion type meat products are formulated with more expensive meat 
materials than would be needed if actual collagen values were known to 
provide a margin of safety for emulsion stability. Hence, collagen 
plays a very important role in both raw meat tenderness and processed 
meat products' quality. 
Collagen structure 
Each unit of muscle organization (fiber, fiber bundle, and entire 
muscle) is surrounded by a sheath or sleeve of connective tissue. 
The connective tissue serves many vital purposes in life: it supports 
the soft muscle substance within its boundaries, provides a "bed" 
for blood vessels and nerves, and protects the contractile structure 
from damage by over-extension. It consists of a variety of cells, a 
ground substance, and fibrous proteins, the principal one of which, 
in both quantity and tenderness significance, is collagen (Marsh, 1977). 
The basic structural unit of collagen is tropocollagen, which is 
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a triple stranded, coil rod-like structure of about 300 A in diameter 
(Dutson, 1976). The collagen molecule (tropocollagen) contains 
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three polypeptide chains known as chains which are coiled together in 
a superhelix to form the collagen molecule. Each of the a chains 
themselves have a unique amino acid sequence in that every third 
residue is glycine and they have the repeating tripeptide gly-x-y, 
with the X and y frequently being proline and hydroxyproline, 
respectively. The sequences of gly-pro-y and gly-x-hyp occur in 
almost equal proportions, except for the short regions at the N and C 
terminal ends of the a chain, with hydroxyproline being almost 
exclusively confined to the y position. Each tropocollagen molecule 
is formed into fibrils, which probably consist of five tropocollagens 
arranged in a quarter stagger array known as pentafibrils. 
Hydroxyproline as a measure of beef tenderness 
Parrish e^  (1962) used revised the Troll and Cannan ninhydrin 
procedure to determine the hydroxyproline content of 32 loin steaks 
and 60 round steaks, and the resulting values were compared with 
sensory tenderness evaluations of adjacent steaks of equal thickness. 
They found out that the coefficient of correlation of these two indices 
of tenderness for all steaks examined was -0.69 (p < .001), and the 
coefficient of correlation of the mean hydroxyproline and sensory 
tenderness values for all steaks examined within grades and cuts was 
-0.843 (p < .001). The authors concluded that hydroxyproline was 
a better measure of the tenderness of less tender steaks than of 
tender steaks. Many factors influence the tenderness of meat, but 
the connective tissue is the constituent in many beef cuts 
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most responsible for tenderness variations. The connective tissue 
contains large quantities of hydroxyproline relative to other types 
of muscle protein, and hydroxyproline can be used to estimate the 
quantity of connective tissue in individual meat samples. 
Jeremiah et al. (1980) reported that the estimation of 
intramuscular connective tissue content or determination of total 
collagen content alone is not sufficient to explain the contribution 
of connective tissue proteins to meat tenderness. Rather, the quality 
of the intramuscular collagen or the proportion of thermally stable to 
labile bonds may be a more important determinant of meat tenderness 
than total collagen content. Various reports (Bailey, 1969; Goll et al., 
1964a, 1964b, 1964c) indicated that there is a relationship between 
toughness and advancing chronological age, and it is due to an increase 
in the number of covalent crosslinkages between collagen or elastin 
molecules in connective tissue fibers. Therefore, a procedure for 
separating the heat-soluble from the heat-insoluble fractions of meat 
has been developed (Hill, 1966). However, since no convenient means 
have been developed for objectively quantitating connective tissue 
or collagen directly, the collagen content of meat has traditionally 
been calculated from the hydroxyproline content, which can be 
conveniently quantitated (Mitchell and Taylor, 1970; Josefowicz et^  al., 
1977). The rationale for such an approach is based on the 
documentation that hydroxyproline constituted a relatively fixed 
proportion (13.8% by weight) of the collagen and is the largest amount 
relative to other types of muscle protein (Gross et a^ ., 1958). 
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Goll al. (1964b) developed a constant value for the calculation of 
the collagen content of meat from the hydroxyproline content. 
Determination of hydroxy-proline 
Woessner (1961) developed a procedure for the determination of 
hydroxyproline in samples containing small proportions of this imino 
acid. The procedure comprises two consecutive methods. Method I 
resulted from the introduction of several modifications in the 
Stegemann (1958) assay. These include decreasing the concentration of 
HCIO^  from 4.0 to 3.15 M, increasing the concentration of 
p-dimethylaminobenzaldehyde from 10 to 20%, and prolonging the heating 
step to 20 minutes. These modifications increased approximately 25% 
intensity of chromogen and also increased stability of the chromogen. 
Method I was satisfactory for routine use for purified collagens and 
collagen-rich tissue samples. Method II extended the Stegemann 
method by benzene extraction and peroxide treatment, thus permitting 
the determination of hydroxyproline in samples containing large 
proportions of other amino acids. These modifications permitted 
recovery of as little as one part of hydroxyproline in 4000 parts of 
other amino acids (0.3 - 0.4 ug hydroxyproline in 1.0 - 1.5 mg amino 
acids). The author advised the use of this method wherever the ratio 
of the amino acid to hydroxyproline exceeds 50:1. 
Stegemann and Stadler (1967) re-evaluated a procedure for 
hydroxyproline analysis. The procedure includes the oxidation of the 
imino acid by chloramine-T in a buffer near neutrality and coupling of 
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the chromogen formed with Ehrlich's aldehyde in strong perchloric acid. 
The revised procedure was faster and more sensitive than the former 
one and as reliable. The range was from 0.2 up to 6 yg hydroxyproline 
in a 2-ml sample. For material containing little hydroxyproline, such 
as urine, plant or animal tissue, authors suggested separating the 
hydroxyproline from other interfering substances by ion exchange 
method. 
Mitchell and Taylor (1970) tested 38 methods for the 
spectrophotometric determination of hydroxyproline. Two colorimetric 
reagents were used in the determination of hydroxyproline. The reaction 
with ninhydrin had found wide application in amino-acid analyzers, but 
was not satisfactory for determination of microgram amounts. The more 
specific reagent, p-dimenthylaminobenzaldehydr, ahs been preferred by 
most workers in the field. All procedures involved the oxidation of 
hydroxyproline and subsequent condensation with p-dimethylaminobenzal-
dehyde. Three different oxidants were used in various methods. They 
were sodium hypobromite, sodium peroxide and chloramine T. Their 
results indicated that the use of either chloramine T or sodium 
hypobromite could provide the greatest sensitivity. They also achieved 
a four-fold increase in sensitivity by the addition of reducing agent 
(perchloric acid) and the aldehyde at the same time. This was due 
to the avoidance of the rapid destruction of the oxidation product, as 
measured by color development, by the reducing agent. Although the 
identities of the oxidation products were in dispute, and the absorption 
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maxima after the reaction with the aldehyde varied, the forms of the 
spectra were strikingly similar. The range of wavelengths for the 
spectrophotometric measurements were from 540 to 562 nm. 
Josefowicz et al. (1977) used carbon-13 fourier transform nuclear 
13 
magnetic resonance ( C FTNMR) spectroscopy to analyze the amount of 
L-hydroxyproline in defatted, hydrolyzed meat. The sensitivity of 
13 C FTNMR spectroscopy was increased by rapid pulsing of highly 
concentrated viscous solutions, and quantitative analysis was achieved 
by comparing the peak height of C-4 in L-hydroxyproline with that of an 
13 internal standard. Their results showed that C-FTNMR gave 
L-hydroxyproline assays consistent with those available from other 
13 techniques. The C-FTNMR technique was much faster and more flexible 
than amino acid analysis for samples with normal L-hydroxyproline 
13 levels. The specificity of the C-FTNMR techniques was better than 
any technique based only on chromatographic retention time or 
spectrophotometric absorption because of much superior resolution and 
peaks for the other carbon nuclei of L-hydroxyproline could also be 
checked. The main manpower feature of the three assay methods was in 
the conversion of meat to an aqueous solution of hydrolysate. 
13 Thereafter, the C-FTNMR method was less prone to personal error, 
required less machine time per sample, and could be repeated on the 
same sample as it is nondestructive. 
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Determination of amino acids in plant materials by NIR spectroscopy 
There are 10 essential amino acids in animal nutrition. They are 
lysine, methionine, threonine, tryptophan, isoleucine, arginine, 
leucine, phenylalanine, valine and histidine. The first five amino 
acids listed above are referred to as "limiting" amino acids. The 
concentrations of these limiting amino acids present in many plant 
materials determine the nutritive value of the protein. >!any plant 
breeding programs are carried out at many institutions by improving the 
concentrations of these limiting amino acids in a variety of crops. 
The chief difficulty lies in the identification of cultivars with 
high or low concentrations. Screening of very large plant populations 
becomes a necessity in a successful plant breeding program. The 
standard chemical determination of amino acid composition involves 
hydrolysis of the proteins followed by clean-up and ion-exchange 
chromatography. This fairly complicated and time-consuming process is 
a deterrent to this type of program. Recently, the success achieved by 
near infrared reflectance spectroscopy (NIR) for determining protein 
content in a wide range of plant materials prompted research into its 
application for lysine determination in wheat and barley (Rubenthaler 
and Bruinsma, 1978; Gill e^  al., 1979). Williams et al. (1984) used 
NIR spectroscopy for the rapid analysis of four limiting amino acids 
in wheat and up to 14 amino acids in barley. "There were two research 
NIR and a commercial bench-type spectrum being applied in the analysis. 
Their results indicated that NIR techniques may be very useful in 
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plant breeding programs and in the food industry for the rapid and 
accurate analysis of amino acids. 
Techniques of Moisture Determination in Meats 
Karmas (1980) has classified and listed methods available for 
moisture in foods and also summarized official methods, which include 
air oven-drying, vacuum oven-drying, microwave oven-drying, chemical 
dessication, azeotropic distillation, and the Karl Fischer method. 
Many rapid techniques for instrumental moisture determination in meats 
have been developed recently (Pettinati e£ 1973; Pettinati, 1975; 
Pettinati, 1980; Kropf, 1984). They are gas chromatography, refractive 
index and near infrared spectroscopy. 
Air oven-drying 
The oven-drying technique employs an oven which is usually heated 
electrically or by infrared heaters. They may be equipped with 
built-in balances for rapid routine analysis of any stable solid 
materials. Since oven-drying is based on weight loss, the sample must 
be thermally stable and not contain significant quantities of volatile 
components. There are some factors involved in oven-drying that 
can influence the results such as the temperature and pressure of 
the oven. The measurement of moisture content of samples by the 
conventional method, employing an analytical balance and a drying oven, 
comprises the following operations: 
1. Tare-weighing the drying dish. 
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2. Filling the dish with material (usually up to 10 g) and 
reweighing. 
3. Drying the sample. 
4. Cooling the dish containing the dried sample in a 
desiccator. 
5. Reweighing the cooled dried sample in the dish. 
6. Calculating the moisture content. 
Two instruments are available to perform most of these operations 
automatically. One semiautomatic moisture-measuring device is 
manufactured by C. W. Brabender Instruments, Inc. (South Hackensack, 
N.J,. 07606) for handling multiple samples, and another is manufactured 
by the Ohaus Scale Corporation (Floram Park, N.J. 07932) for single 
samples. Both instruments use infrared radiation for heating. 
Vacuum oven-drying 
This method is an AOAC official method for moisture content 
determination in foods (AOAC, 1980). The advantage of vacuum oven-
drying over other methods is that the sample can be heated at a lower 
temperature, e.g., 60-70°C, so that decomposition of the sample does 
not take place. Some sugar-containing foods have greater tendency to 
decompose than others, and the vacuum oven drying is most suitable for 
moisture content determination in this type of foods. 
Chemical desiccation 
Chemical desiccation methods use (in decreasing order of efficiency) 
phosphorus pentoxide, barium monoxide, magnesium perchlorate, anhydrous 
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calcium chloride, or concentrated sulfuric acid as desiccants. The 
sample is placed in a desiccator container with an appropriate desiccant. 
Desiccation of the sample proceeds usually at room temperature. This 
technique requires a long time for the sample to achieve constant 
weight. Even then, the moisture equilibrium depends strongly on the 
force of chemical reactivity of the sample with moisture. This method 
is very accurate when it is applied to the foods such as tea and 
spices which contain other easily volatilizable substances besides 
water. However, this method is not used for measurement of moisture in 
meats. 
Microwave oven-drying 
Pettinati (1975, 1980) reported that the use of a microwave oven 
for the rapid determination of moisture is accurate, precise, and 
simple. A procedure for meat and meat products has been developed and 
it requires only 2.5 minutes of heating in a 1000-watt, domestic-type 
microwave oven, followed by 1 minute of drying with forced air. A 
sample is dispersed with sodium choloride and ferrous oxide in a 
weighing bottle. The salt prevents spattering during drying, and the 
oxide, a known strong absorber of microwave radiation, accelerates 
drying. The principle of this instrumentation is based on the property 
that the dipole water molecule absorbs several thousand times more 
microwave energy than a similar volume of any perfectly dry substance. 
The results reported by Pettinati (1975) indicated the overall mean 
moisture content was 0.05% higher by the microwave oven method than by 
27 
the AOAC method. Repeatability between duplicates was + 0.47% moisture 
by microwave oven and + 0.45% by the AOAC method. Precision between 
paired determinations by the two methods was + 0.57% moisture. Both 
the t-test for significance (p=0.05) and linear regression analysis 
of the comparative determinations indicated that the two methods were 
equivalent for determining moisture. 
Azeotropic distillation 
This distillation method for moisture determination utilizes a 
well-known property of water called azeotropy. The water is 
simultaneously distilled with another liquid (usually immiscible such 
as toluene) at a constant ratio. Although the boiling points of water 
and toluene as single components are 100°C and 110°C, respectively, 
the boiling point of the binary mixture of water:toluene is 85°C, with 
the ratio of relative quantities at the boiling point being 20:80, 
respectively. The apparatus of azeotropic distillation consists of 
a source of heat, a special 500-ml round-bottom flask, a Bidwell-
Sterling receiver, and a condenser, and will simultaneously determine 
water, fat, and residue in foods. Azeotropic distillation methods 
have the following advantages: 
1. The method determines water directly and the results are 
actual water content values and not loss in weight. 
2. The results are frequently more accurate than those 
obtained by the air oven-drying method. This is partly 
due to a much larger sample size, hence better 
representative sample. 
28 
3. The time of determination is relatively short, from 
1/2 to 1 hour. 
4. The apparatus is simple, and most of the parts are 
found in every laboratory. 
5. The effect of environmental humidity is eliminated. 
6. The method prevents oxidation of the sample. 
7. The method is simple to handle. 
The disadvantages are as follows: 
1. The internal surfaces of the apparatus have to be clean 
so that the water does not adhere to them. 
2. Several substances, such as glycerol and alcohol, may 
distill over with water and cause higher results. 
3. Solvents, such as toluene, may constitute a fire hazard. 
4. The solvents may be toxic, e.g., benzene. 
5. Reading accuracy of the water volume is limited; if 
the graduated sidearm is narrow for greater accuracy, 
solvent material may be trapped between the water layers. 
6. Expense of chemicals. 
Karl Fischer method 
The Karl Fischer volumetric method for moisture determination is 
based on titration of the sample containing water. The titration 
reagent comprises a methanol solution of iodine, sulfur dioxide, and 
pyridine. The endpoint is indicated by the appearance of the brown 
color of free iodine. Iodine is consumed as long as there is any water 
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present in the solution. This method is one of the most standard 
methods of moisture measurement and has, therefore, been used by a 
large number of investigators as a standard for comparison, especially 
where trace quantities of water of the order of a few parts per million 
are involved. The reaction of water with iodine and sulfur dioxide 
takes place as follows: 
2 H^ O + SOg + 1% = H2SO4 + 2 HI . 
The addition of pyridine binds and prevents the loss of sulfur dioxide, 
and the methanol acts as the solvent medium. Although this is a very 
precise method for moisture determination at levels ranging from 1 ppm 
to nearly 100%, it has the following disadvantages: 
1. The reagent is not stable, hence restandardization 
before every use is required and is not suitable for 
routine practice. 
2. The reagent is highly sensitive to moisture, even in 
trace quantities; therefore, it is essential to protect 
the titration apparatus from traces of atmospheric 
moisture. 
3. The highly reactive pyridine also produces some 
complications. 
4. Highly purified chemicals are required for preparing 
the reagent. 
5. The titration endpoint is difficult to define. 
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Gas chromatography 
Reineccius and Addis (1973) reported the use of gas-liquid 
chromatography to determine the moisture content of finely ground meat 
samples blended with anhydrous methanol. Results for a variety of 
meat samples showed only three samples differed by more than 1% from 
toluene distillation or oven-drying. The GLC method had a larger 
standard deviation than the oven method, but smaller than the toluene 
distillation. A time of 10 minutes was required to accomplish the GLC 
for moisture analysis. Therefore, the gas chromatography may be used 
for rapid analysis of moisture in meats and was nearly as accurate as 
the standard procedures. 
Refractive index 
Addis and Chudgar (1973) used a Bausch and Lomb Abbe Refractometer 
(Bausch and Lomb Corporation, Rochester, N.Y.) to determine refractive 
indices of isopropanol-water mixtures. The results showed very good 
agreement between refractometry and conventional methods. The 
determination requires 5-10 minutes to complete and does not require 
complex, expensive instrumentation. 
Near infrared spectroscopy 
The analysis of foodstuff by near infrared has been developed by 
Karl H. Norris at the U.S.D.A. Research Center at Beltsville, 
Maryland. Near infrared has wavelengths between 0.75 and 2.5 Um. It 
is known that the infrared spectrum of water content of many solids 
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and liquids. The pure water has two major NIR absorption bands, one 
at 1.94 microns (y) and the other at 1.45 u. The spectral region for 
water from 0.7 to 2.4 ym has been investigated for measuring the 
moisture content in cereal grains. Water absorption bands occur at 
0.76, 0.97, 1.18, 1.45, and 1.94 ym. The amount of water present in 
a sample can be determined by comparing the depth of the band of 
interest with the depth of the same band for known concentrations of 
water. The advantages of this technique are the speed of the analysis 
ease of operation, and absence of chemicals. The disadvantages of 
the technique are the requirement of precise calibration procedure and 
very expensive instrumentation. The application of infrared 
spectroscopy for food analysis is more limited, especially when it is 
applied to meat products. 
Techniques of Fat Determination in Meats 
Pettinati (1980) reviewed different rapid methods for determinati 
of fat in meats, as well as official methods. They include extraction 
rendering, specific gravity, instrumental and chromatography methods. 
Determination of fat by extraction 
Randall (1974) modified the ether extraction procedure to extract 
fat from meat samples in 30 minutes instead of 4 hours required with 
the Soxhlet method. He immersed a dried sample in a wire mesh cup 
directly into boiling ether. A complete determination requires 
2^  hours, and 80 determinations a day may be made with a multiple 
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extractor. Accuracy (0.2% fat between-methods mean difference) and 
standard deviation (0.6% fat between-methods) of his results were 
equivalent to those with Soxhlet method. The system is sold by 
Tecator (Tecator, Inc., Boulder, Colorado). 
Bligh and Dyer (1959) developed a simple and rapid method for 
the extraction and purification of lipids from biological materials. 
The entire procedure can be carried out in about 10 minutes. The 
wet tissue was homogenized with a mixture of chloroform and methanol 
in such proportions that a miscible system was formed with the water 
in the tissue. Dilution with chloroform and water separated the 
homogenate into two layers, the chloroform layer containing all the 
lipids, and the methanolic layer containing all the nonlipids. A 
purified lipid extract was obtained by isolating the chloroform layer. 
Determination of fat by rendering 
Fat determinations of 664 beef samples with the Banco (Anderson 
Laboratories, Inc., Ft. Worth, Texas), Babcock, and Univex (Univex 
Corp., Salem, N.H.) methods were compared with those by the AOAC 
Soxhlet method (Marriott ^ £1* 5 1975; Anon., 1977). With the Univex 
method, the most rapid (5 minutes) of the three, the height of 
rendered fat in a collection tube, was measured after the sample was 
electrically heated. Results indicated the overall mean (20.6% fat) 
was high by 0.9% fat and correlated well (r=0.97) with reference 
determinations. 
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Specific gravity of extract 
The Foss-Let method (Foss America, Inc., Fishkill, N.Y.) involves 
rapid extraction of fat in meat and meat products with perchlorethylene 
using a mechanical shaker followed by semiautomated measurement of 
specific gravity of the extract. This method requires a 45 g sample 
and takes 5 to 10 minutes per test. Usher et al. (1973) reported its 
use on a variety of food materials and found its deviation from the 
reference method rarely to exceed 1.0%. They found it to be 
particularly suitable for analysis of meat and meat products and noted 
that a large sample weight was helpful in reducing sampling errors. 
Pettinati and Swift (1975) compared the Foss-Let and AOAC Soxhlet 
methods and found excellent agreement. Collaborative study of the 
method was carried out with eleven other laboratories. They found 
that the accuracy was equivalent and precision was generally slightly 
better than with the AOAC method (Pettinati and Swift, 1977; 
Pettinati 1975). Standard deviations with the Foss-Let method were 0.2% 
fat within laboratory and 0.5% fat among laboratories. On the basis 
of these results, the Foss-Let procedure was adopted as a rapid, 
alternative standard method by the AOAC (AOAC, 1980). 
Instrumental measurement of fat 
The operating principle of the Anyl-Ray Fat Analyzer (Anyl-Ray 
Corp., Davenport, Iowa) is to subject a 13-pound sample, packed into 
a sample container, to x-rays. Since lean absorbs more x-rays than 
fat, a measurement of x-ray that pass through the sample can be 
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converted quickly into percent fat. Young ^  al. (1976) found from 
comparative analysis with AOAC Soxhlet method that Anyl-Ray 
determinations were low by 2% fat at the 15% level, 1.2% at the 30% 
level, and the between-methods standard deviation was 1.3% fat. The 
Anyl-Ray has been widely used in large-scale meat packers and is very 
useful in process control and formulation. 
Ben-Gera and Norris (1968) reported a correlation of 0.974 
between fat content and the difference in sample optical density at 
1.80 and 1.725 U. Specialized instruments for the application of the 
measurement of reflectance of infrared light have been manufactured by 
Neotec Instruments, Inc., Silver Springs, MD., and Technicon Instruments 
Corp., Tarrytown, N.Y. A ground meat analyzer was developed by Neotec 
by which a fat determination could be made in seconds by placing a 
one-pound sample in a transparent plastic bag upon a window on the 
surface of the unit and making a reading on the dial. Neotec claims 
that comparative analyses with the Ground Meat Analyzer and AOAC 
Soxhlet method agree with a standard deviation of 0.9% fat. 
An electrical inductance (EMME) approach to determining fat in 
fresh meat developed by the EMŒ Company, Phoenix, Arizona, is based 
on difference in electrolytic properties of lean and fat; lean conducts 
about 20 times more electric current than fat. A low power electronic 
transducer sends impulses through the sample, and the amount of 
induced current and the weight of sample tested are used to calculate 
fat percentage. Determinations can be made on samples weighing from 
2 to 5 kg, 27 kg boxes of meat, or small live animals, such as swine. 
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Information on evaluation of the method is limited to studies with an 
EMME small animal model and to the yield of carcass lean. Koch and 
Vamnadore (1976) compared EtIME measurements on beef quarters from 
66 carcasses with the total weight of trimmed primal cuts and obtained 
a correlation of 0.82 between the two methods. Nonetheless, they 
did not list results of proximate analysis in their report. 
Fredeen e£ al. (1979) reported that EMME measurements of live hogs and 
determinations of trimmed carcass fat by ether extraction method 
yielded a correlation of 0.42. The low correlations indicate 
considerable scatter in the compared data, which limits usefulness of 
its application. 
Fat determination by dry column method 
Maxwell e^  a2. (1980) described a determination of total fat in 
meat and meat products by extraction of fat from a sample on a dry 
glass column with dichloromethane-methanol (9 to 1). A determination 
took 2.5 hours or less. Use of quadruplicate determinations on 15 meat 
samples, ranging from 7 to 90% fat, and including beef, pork, lamb, 
chicken, bologna, and franks, yielded a higher (p<.05) mean of 29.9% 
compared to 29.3% for the official method, with repeatability of 0.3% 
fat for the dry column results. The authors stated that the 0.6% 
higher result represented a more complete extraction of polar lipids. 
Another small study of four meat samples, .ranging from 4 to 30% fat 
gave a mean of 12.8+0.1% compared to 12,7 + 0.1% for a chloroform/ 
methanol extraction. The method is simple, suitable for multiple 
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determination, and uses fairly low-cost equipment and a nonflammable 
solvent. 
Fat determination by NIRA. (Near Infrared Reflectance Analysis) 
Ability of NIRA to measure lipids, including those with fine 
suspensions, enhances the utility of NIRA technique to scan the samples 
of dairy products, edible oils, processed meats and ice cream mixes. 
Wetzel (1983) characterized the lipid structures of triglycerides in 
hydrogenated soybean oil by using the NIRA technique. He found that 
the chromatographic description of the triglyceride exhibited good 
correlation to the solid fat index (SFI) of hydrogenated oils and 
was fairly well-correlated to NIRA spectral data. The other potential 
use of NIRA in fat determination is that the NIRA can be used to 
determine the iodine value and solid fat indices. Hence, the 
unsaturation and cis-trans isomerism in oils can be determined. The 
NIRA also can be used to predict the neutral oil loss (polar lipids 
fractionated chromatographically) for edible oils and indicates the 
discrimination between the polar fraction and the triglycerides. 
Techniques of Protein Determination in Meats 
There are four major ways to determine the protein content in 
meats. They are Kjeldahl (based on measurement of total nitrogen), 
combustion, dye binding, and instrumental (near infrared). 
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Kjeldahl 
The classical way of measuring protein is the macro Kjeldahl. It 
is based on measurement of total nitrogen. There are three major 
steps in macro Kjeldahl method: digestion, distillation and titration. 
There have been some advances in the automation of some part or entire 
manual Kjeldahl procedures, such as AutoAnalyzer by Technicon (Technicon 
Instrument Corp., Tarrytown, N.Y.), Kjel-Foss (Foss American, Inc., 
Fishkill, N.Y.), and Tecator (Tecator, Inc., Boulder, Colorado). The 
AutoAnalyzer provides an automated means of determining total nitrogen 
in an acid-digested food sample by the colorimetric reaction of 
ammonia at the rate of 80 per day. Gantenbein et. (1974) evaluated 
the method collaboratively for protein determination of meat products. 
Based on their results, which were equivalent to those for the 
Kjeldahl, the method was adopted by the AOAC as an alternative 
procedure for total nitrogen. A number of manufacturers of laboratory 
equipment market high temperature block digestors which reduce time 
for conversion of amino nitrogen to ammonia from 2 hours to 45 minutes. 
Hambraeus et al. (1976) reported that long-term accuracy and 
reproducilibity of nitrogen determination of biological and food 
samples was good with a procedure involving a block digestor and 
AutoAnalyzer. Vincent and Shipe (1976) studied the effect of 
calibration procedures on the accuracy and precision of the AutoAnalyzer 
for a variety of formulated foods and concluded it is equivalent to 
the Kheldahl method when care is exercised in the preparation of 
samples and calibration. 
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The Kjel-Foss analyzer (Foss America, Inc., Fishkill, N.Y.) was 
developed to automate the Kjeldahl proceJure. After a sample is 
manually placed in the unit, the entire procedure is automated, 
permitting 120-160 determinations per day. All the steps of a 
macro-Kjeldahl procedure are duplicated in the unit, except that 1-g 
instead of 2-g samples are used and hydrogen peroxide is added to 
sulfuric acid to accelerate sample digestion. Suhre eit (1982) 
compared the Kjel-Foss automated macro-Kjeldahl method and a block 
digestion-steam distillation method. The official AGAC Kjeldahl 
method was used as a reference procedure. Their results showed that 
both the Kjel-Foss and block digestion-steam distillation are 
equivalent to AGAC Kjeldahl method. 
Tecator, Inc., Boulder, Colorado, developed the Kjeltec-DD system 
which permits determination of protein to be made in 10 minutes. The 
equipment steam distills and titrates ammonia liberated from free 
amino groups of a protein after it is dissolved and heated in an 
alkaline medium. The determination is based on an assumed constant 
relationship of free amino groups and total nitrogen content 
(Ronalds, 1974). Tecator data indicates that while results with the 
method on meat and meat product samples correlated well (r=0.991) 
with Kjeldahl determinations, they were consistently low by 2.6% 
protein and the between-methods standard deviation was 1.1%. These 
results indicate that further improvements are needed. 
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Combustion-nitrogen analyzer 
There are various methods available for determining nitrogen in 
organic material: gaseous volume method, thermal conductivity method 
and chemiluminescence analysis. The gaseous volume method requires 
12 to 15 minutes. A Coleman 29A nitrogen analyzer (Coleman Instruments 
Div., Perkin-Elmer Corp., Norwalk, Conn.) is used to measure the total 
nitrogen in a sample after combustion is measured as gaseous volume. 
Revesz and Aker (1977) used an automated Leco nitrogen analyzer 
(Leco Corp., St. Joseph, Mich.) to determine the protein-nitrogen in 
cereals and grains. This is a 7-minute method by which total nitrogen 
in a 1 g sample after combustion is measured by thermal conductivity. 
Their results showed that accuracy of the analyzer was equivalent to 
the Kjeldahl procedure and the between-methods standard deviation was 
0.15% protein. 
The chemiluminescent analysis is a combustion method which converts 
combined nitrogen to the metastable nitrogen dioxide and then measures 
the emitted light from the reaction of NO2 — NO2 + e. According to 
Revesz and Aker's (1977) results, the average difference of nitrogen 
values between chemiluminescent analysis and Kjeldahl analysis was 
0.1% for cereal, 0.1% for soybean meal, 0.25% for peanut meal, 0.06% 
for coconut meal, 0.1% for rice, 0.1% for corn, and 0.2% for wheat. 
Dye binding 
The dye binding method is a photometric method by which a finely 
comminuted food product is mixed with an excess of acid dye in an 
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acid medium. The positively charged sites on proteins react with acid 
dye and form an insoluble dye-protein complex. After reaction, the 
protein-dye complex is removed by filtration and the concentration of 
residual dye, which is inversely proportional to protein content, is 
measured photometrically. The whole procedures take about 15 minutes 
to accomplish and it is an AOAC alternative method for milk. Heller 
and Sherbon (1976) used Acid Orange 12 dye binding method to measure 
the protein contents in beef and pork. Dye binding protein was 
calculated by using a dye binding capacity of meat of 0.410 mg dye 
bound/g protein. Correlations of 0.976, 0.987, 0.996, and 0.995 were 
found for laboratories 1-4 between dye binding and Kjeldahl protein 
values. An analysis of covariance showed that the slopes of regression 
between dye binding and Kjeldahl protein for three laboratories were 
not significantly different at the 5% level. The adjusted means of 
the regression lines for the same three laboratories, however, were 
significantly different at the 1% level. 
Seperich and Price (1979) investigated factors fundamental to 
the determination of protein in fresh and processed meat. Their 
results showed that dye binding capacity differed for major protein 
fractions of muscle and was inversely proportional to protein 
concentration of an emulsion. There were no significant differences 
between beef and pork protein, between free and emulsified myofibrillar 
protein, between raw emulsion and cooked emulsion product in dye binding 
capacity. They also demonstrated that in a model emulsion system, the 
fat component of the emulsion did little to interfere with the dye 
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binding capacity of the protein. The dye binding method does not work 
well in connective tissue. The different amino acid composition in 
collagen results in low determination of protein because it only binds 
0.7 as much dye. 
Instrumental (near infrared) 
Karl H. Norris of the U.S.D.A. Research Center at Beltsville, 
Maryland has been active for many years in developing optical methods 
for testing and analyzing foodstuffs. Their work concentrated on the 
infrared spectra of foodstuffs has been very successful. The Technicon 
InfraAlyzer^ ™ (Technicon Instrument Corp., Tarrytown, N.Y.) comes 
directly from their work. The original application was centered on 
the measurements of moisture content of grains. As work progressed, 
it was found that not only the moisture content, but also oil and 
protein content, could be determined. The basis of this technology 
lies in the NIR absorption bands present in the components of food 
products. Pure water has two major NIR absorption bands, one at 1.94 
microns (U) and the other at 1.45 U. Oil has a rather distinctive 
set of double absorption bands, one with major peaks at 2.31 y and 
2.33 U, and the other with peaks at 1.72 y and 1.76 y. The spectrum 
of protein is more complicated, with several absorption maxima. The 
peak at 2.18 y is often used for determining protein in food products. 
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Multicomponent Determination 
Microwave-gravimetric (CEM, Hobart) 
CEM Corporation has developed an analyzer for fat and protein 
in meat for use in conjunction with their microwave oven moisture 
determination. After moisture is determined on a 5 to 10 g sample, 
the dried residue is subjected to an automatic extraction using a 
high speed mechanical agitator, and the extraction weight loss is 
determined. A repeatability of 0.1% is claimed with results 
"conçarable to ACAC results". The system is usable for food and dairy 
products including butter, margarine, salad dressing (Kropf, 1984). 
An instrumental procedure involving use of a microwave oven for 
the rapid determination of fat, moisture, and protein percentage in 
the same sample of meat was developed by the Hobart Corp., Troy, Ohio. 
This automated procedure gives a determination of fat, moisture, and 
protein in 2.5 to 5 minutes. A 70 to 80 g sample is heated to dryness, 
and a certain proportion of the fat content is rendered, collected, 
and weighed. Automatic calculation and display of the three 
components is based on the relationship of weight loss due to moisture 
content, weight of moisture-free residue, and weight of rendered fat. 
These relationships have been calculated for beef trim, pork trim, 
blends of beef and pork trim, and many processed meat products. 
Agreement is reported within 0.5 to 0.7% fat for samples below 50% fat 
and within 0.7 to 1.0% of ACAC for samples containing 50 to 70% fat, 
with a consistent standard deviation of 0.5% or less. The rapid 
analysis and reasonable performance of this method indicates its 
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usefulness in process control with a heavy analytical demand. 
Near infrared reflectance (NIR) analysis 
Neotec Instruments, Inc., Silver Springs, MD. and Technicon 
Instrument Corp., Tarrytown, N.Y., market infrared reflectance 
instruments which utilize selected wavelengths specific for fat, 
moisture, and protein. Until recently, the units have been limited in 
application to soybean meals and cereal grains (Watson, 1977) . 
TM Kruggel et al. (1981) used Technicon's InfraAlyzer to measure near 
infrared reflectance at 6 wavelengths and convert 6 corrected log 
values of the raw measurements into percent compositional data. 
Seventy-nine beef samples and 65 lamb samples were analyzed. High 
multiple correlation coefficients (0.94 for beef and 0.83 for lamb) 
and low standard errors of estimate (2.09 for beef and 2.68 for lamb) 
were achieved. The protein, fat and moisture components were determined 
in minutes, which makes the method a truly rapid one. Lanza (1983) 
used a Neotec Model 6350 Spectrocomputer (Neotec Instruments, Inc., 
Silver Springs, MD) to determine moisture, protein, fat, percentages, 
and calories in raw pork and beef. The results showed very good 
correlations for moisture, fat and calories (0.985, 0.998, 0.993, 
respectively), but results for protein were less accurate (r=0.53 for 
pork and r=0.63 for beef). The author concluded that while the use of 
NIR was adequate for moisture and fat analysis, the NIR analysis for 
protein needed improved precision. Recently, the Technicon Instrument 
Corp. (Technicon Corp., Tarrytown, N.Y.) has developed a high-speed 
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computerized scanning spectrophotometer, the Technicon InfraAlyzer 500 
system (Technicon Corp., Tarrytown, N.Y.). Designed specifically for 
laboratories interested in methods development and nonroutine 
analysis, the Technicon InfraAlyzer 500 system combines high resolution 
NIR spectral measurements with multilinear regression transform to 
allow users to develop calibrations of an extensive range of materials, 
including those which exhibit poor spectral resolution. Once these 
methods have been developed, the system is used to transfer 
calibrations developed from InfraAlyzer 500 to InfraAlyzer 400 and 300 
models. With the advanced instrumentation, the NIR super scan 





All meat was obtained from Iowa State University Meat Laboratory. 
In the first experiment, 1.8 kg of beef shank muscle and 1.8 kg of 
beef loin muscle were ground through a 0.8 mm (1/32") plate of a 
Hobart grinder (Model 8418ID). The ground beef samples were mixed to 
make 19 batches of meat samples with different degrees of collagen 
content (Table 1). In a subsequent experiment, 1.8 kg of 80/20 trim 
pork and 1.8 kg of 50/50 trim pork were ground through the same Hobart 
grinder with the same 0.8 mm plate. The ground pork samples were mixed 
to make 19 batches of meat samples with different degrees of fat 
contents (Table 2). Then, those 19 samples were placed in a Vita Mix 
blender (Vita Mix Corp., Cleveland, Ohio). Impact mixing was 
accomplished at speed 1 on the blender, with intermittent on/off 
switching of the blades in the forward direction. The blender cup 
was first rinsed with hot water, then cold water and then towel dried 
between sample mixes. Mixing was accomplished within 1.0 minute 
or until a uniform paste was obtained. An aliquot of the sample was 
then packed into an open cup designed for the InfraAlyzer 40OR. 
Analysis Procedures 
Four replicate packs of each sample were measured with the 
InfraAlyzer 400R™ (Technicon Industrial System, Tarrytown, N.Y.) and 





















Scheme for preparing samples with different collagen levels 
using loin muscle (low collagen) and shank muscle (high 
collagen) 
Loin muscle (g) Shank muscle (g) Total 
100 0 100 
95 5 100 
90 10 100 
85 15 100 
80 20 100 
75 25 100 
70 30 100 
65 35 100 
60 40 100 
55 45 100 
50 50 100 
45 55 100 
40 60 100 
35 65 • 100 
30 70 100 
25 75 100 
20 80 100 
15 85 100 
10 90 100 
1045 855 1900 
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Table 2. Scheme for preparing samples with different fat levels using 
80/20 trim muscle (low fat) and 50/50 trim muscle (high fat)^  
Sample 
number 
80/20 trim muscle (g) 50/50 trim muscle (g) • Total 
1 100 0 100 
2 95 5 100 
3 90 10 100 
4 85 15 100 
5 80 20 100 
6 75 25 100 
7 70 30 100 
8 65 35 100 
9 60 40 100 
10 55 45 100 
11 50 50 100 
12 45 55 100 
13 40 60 100 
14 35 65 100 
15 30 70 100 
16 25 75 100 
17 20 80 100 
18 15 85 100 
19 10 90 100 
Totals 1045 855 1900 
Muscle samples were either pork or beef, depending on the test 
being conducted. 
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19 filters, were recorded by the computer circuit of the InfraAlyzer. 
The 10 log values then transmitted through a Hewlett-Packard 85 
personal computer and printed out on a small printer. After the 
InfraAlyzer analysis, the hydroxyproline component in each sample was 
determined (Stegemann and Stadler, 1967). The protein component in 
each sample was determined by the Kjeldahl method (AOAC, 1980). The 
fat content in each sample was determined by using hexane extraction 
(AOAC, 1980). Moisture was determined by oven-drying (AOAC, 1980). 
Instrument Calibration 
TM The InfraAlyzer 400R (Technicon Inudstrial System, Tarrytown, 
N.Y.) measures near infrared reflectance of a sample at 19 
wavelengths (range of wavelengths was 1445 nm to 2348 nm). Before 
TM the InfraAlyzer 400 can be used to determine the components of a 
particular sample, the instrument must be calibrated. The prediction 
calibration curves were obtained by solving the following multiple 
linear regression: 
% ?i = BoXo + Bl%l + *2=2 + + Bl9%19 
where = constants from regression (n=l,2, ,19) , 
= log 1/R (measured reflectance), 
B = intercept from regression, and 
o 
= concentration for sample i. 
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In principle, the regression equation solves for the best set of B 
values that, when combined with the reflectance values of a sample in 
the above equation, predicts the components of that sample. 
Hydroxyproline Preparation Procedures 
Meat samples and 50 ml of 6 N HCl were placed in a 250 ml Erlenmeyer 
flask and covered with a 50 ml beaker. The samples were hydrolyzed in 
an autoclave for at least 6 hours or overnight, at 16-19 pounds of 
pressure (122-216°C). The hydrolyzed samples were removed from the 
autoclave and allowed to cool to room temperature. Deionized water 
was added to make a total volume of 100 ml in the flask. The samples 
were neutralized by adding 25 ml of 10 n NaOH and then, brought to 
pH 7.0 + 0.2 by using dilute NaOH and HCl. A very tiny amount of 
charcoal (Norit A) and Dowex I-X8 ion exchange resin were added to 
clarify the solution. Samples were brought to volume in a 250 ml 
volumetric flask and then filtered. An aliquot was used for 
hydroxyproline determination. 
Hydroxyproline Determination Procedures 
From the hydrolyzed sample, 0.25 ml were combined with 1.75 ml of 
HgO. A blank of 2 ml of H^ O was also used. To each unknown meat 
sample and H^ O blank, 1.0 ml of chloramine T solution (0.06 M) was 
added and mixed. After 15 minutes at room temperature, 1.0 ml of 
Aldehyde/Acid solution (1.01 M) was added and mixed. Sample tubes 
were placed in 60°C + 0.5°C water bath for 20 minutes. The sample 
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tubes were cooled briefly under cold running tap water and then placed 
in a room temperature water bath for 5 minutes. The sample absorbance 
was measured against the reference water blank at 558 nm by using a 
spectrophotometer. The calculation of hydroxyproline was based on 
the following equation; 
mg hydroxyproline/gm sample = ^^ g^ampi^ !^ (gm^ ^^  ^
The prediction equation was derived from a standard curve with varying 
hydroxyproline concentrations (from 0-5 Ug/ml). 
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RESULTS AND DISCUSSION 
In the preliminary experiments, three sets of calibration curves 
were developed for beef, pork, and beef and pork mixtures using an 
InfraAlyzer 400R™ (Technicon Industrial Systems, Tarrytown, N.Y.). 
In these preliminary tests, the Vita MLx blender (Vita Mix Corp., 
Cleveland, Ohio) was not used in the sample preparation procedures. 
All meat samples were only ground through a .8 mm (1/32") Hobart 
grinder (Model 8418 ID). A Hewlett-Packard 9815'A' (Hewlett-Packard 
Company, Santa Clara, CA) calculator was used to develop these 
preliminary calibartion curves. Because of its limited memory capacity, 
no more than 13 logs plus 3 laboratory values could be collected in 
the multiple regression analysis procedure. A wavelength reduction 
method was available in the HP-9815'A' to find the best fitting curves 
by using the t-values. The t-value was calculated as division of 
regression of coefficient by the standard deviation of the regression 
coefficient. The t-value is an estimate of the relative error in the 
calculated value of the corresponding coefficient. Coefficients with 
low t-values contribute little to "goodness of fit" of the regression 
and hence, are candidates for deletion. 
Tables 3, 4, and 5 contain the regression equations obtained from 
2 the calibration data set (19 samples) using the HP-9815'A*. The R 
(multiple correlation coefficient) values for ground pork were 0.814 
2 for procein, 0.933 for fat, and 0.957 for moisture. The R values for 
ground beef were 0.9613 for protein, 0.928 for fat, and 0.9486 for 
Table 3, Prediction calibration equations for ground pork samples 
2 Meat Prediction equations R SEE F Prediction 
components ranges 
Protein Y=54.03 + 7O.2IF2 - 91.37F^  + 202.9F^ Q 
-101.6F 
11 101.3F^ 2 + 308.2F^ 3 
-344.6F^  ^- 232.3F^ y + 250.2F^ g 
-66.67F^ g + 78.35F2Q 
0.814 0.744 22.75 12.5-20.4 
Fat Y=96.06 + 716.3F2 - 952.IF^  + 1306F^  ^
-1268F^  ^+ 638.4?^  ^- 473.7F^ g 
+1956Fiy - 2005Fj^ g + 395.6F^ g 
-371.IF 20 
0.933 2.335 80.24 10.4-39.6 
Moisture Y=62.79 - 502.OF2 + 722.7F^  - 523.4F^  
+942.4F^ Q - 447.2Fii - 571.4?^  ^
+172.1F^ 5 + 207.9F20 
0.957 1.496 167.64 49.50-68.81 
Table 4. Prediction calibration equations for ground beef samples 
2 Meat Prediction equations R SEE F Prediction 
components ranges 
Protein Y=34.08 - 75.22F^  + 172.SF^  + 166.IF^  0.9613 1.26 70.66 8.90-17.30 
-239.6Fg - 158.6F]^  - Ul.BP^ g 
+171.1F^ g + 173.SF^  ^- 71.36F^ g 
+19.19Fjg 
Fat Y=-45.57 4- 688.2F^  - 712.ÔF^  - 248.8F^  0.928 3.29 75.26 5.40-24.60 
-224.8F,, + 530.3F,„ + 345.6F,, 11 1j 14 
+204.6Fj5 - 446.SF^  ^+ 78.67F^ g 
-176.0F20 
Moisture Y=lll.6 - 537.7F^  + 611.8F^  + 582.4Fg 0.9486 2.412 52.10 61.20-71.10 
-499.2Fg - 309.9F^ o + 97.16F^  ^
-333.7F]^  + 568.0F^ 2 - 180.1F^ g 
-20.56F2Q 
Table 5. Prediction calibration equations for ground beef and ground pork mixture samples 
2 Meat Prediction equations R SEE F Prediction 
components ranges 
Protein Y=20.14 + 198.AFg - 292.7?^  + 582.9F^  0.734 0.890 20.68 13.0-19.4 
-270.OFg + 186.IFg - 403.2F^ Q 
-38.45F^  ^+ 37.2IF2Q 
Fat Y=35.52 - 495.SF^  + Sl^ .lF^ g + 654.ZF^  ^ 0.873 2.996 51.73 9.99-36.29 
-1041F^ 2 + 1415Fi2 - 765.4F^  ^
-474.3F]g + 188.5F^ g 
Moisture Y=47.62 + 395.6F2 - 530.SF^  ^- 532.OF^  ^ 0.869 2.325 49.59 49.33-67.18 
+783.3F^ 2 - 905.5Fj^ 3 + 715.7F^  ^
+170.6Fj^ 5 - 90.51Fj^ g 
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moisture. The R values for ground beef and pork mixture were 0.734 
for protein, 0.873 for fat, and 0.869 for moisture. The F values for 
protein, fat, and moisture in pork calibration set (Table 3) were 
22.75, 80.24, and 167.64, respectively. The F-tests for regression are 
a quality measure which estimates the overall "goodness of fit" of 
the regression. The F-test is defined as mean square error due to 
regression/mean square error; also, 
F = (N-K-1)/(1-R^ )(K) 
where R = multiple correlation coefficient, 
N = the number of samples in the regression, and 
K = the number of wavelengths used in the regression. 
(F values increase as the "fit" improves.) From Table 3, it shows 
that the protein equation has lower overall "goodness of fit" than fat 
and moisture equations. These results coincide with Lanza's (1983) 
findings and her explanation was that the Kjeldahl method measures 
total nitrogen, while NIR (Near Infrared Reflectance) measures the 
protein. The F values for protein, fat, and moisture were 70.66, 
75.26, and 52.10, respectively, in beef calibration set (Table 4). The 
F values for protein, fat, and moisture were 20.68, 51.73, and 49.59, 
respectively in beef and pork mixture calibration set (Table 5). 
These results indicate that the prediction regression equations for 
beef samples were better than the other 2 sets of preliminary calibration 
curves. 
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The protein content of ground pork samples determined by InfraAlyzer 
and Kjeldahl methods is shown in Table 6. The average difference 
between InfraAlyzer values and Kjeldahl values was 1.12%. The 
correlation coefficient between InfraAlyzer values and Kjeldahl values 
was 0.93 (Figure 1). The fat content of ground pork samples 
determined by InfraAlyzer and hexane extraction methods is shown in 
Table 7. Although there was high correlation (0.95) between 
InfraAlyzer and hexane extraction values (Figure 2), the inconsistent 
increase of fat content from sample 1 through sample 19 and the high 
average difference (5.44%) between InfraAlyzer and hexane extraction 
methods proved that the calibration equation for ground pork to predict 
fat content was not very accurate. The water content of ground pork 
samples determined by InfraAlyzer and vacuum oven-drying methods was 
generally in close agreement (Table 8). ' The average difference for 
moisture contents between InfraAlyzer values and vacuum oven-drying 
values was 0.90%. The correlation between InfraAlyzer values and 
vacuum oven-drying values was 0.97 (Figure 3). 
The protein content of ground beef samples determined by 
Kjeldahl and InfraAlyzer methods is shown in Table 9. The average 
difference between InfraAlyzer values and Kjeldahl values was 2.65%. 
The correlation coefficient between the two methods was low in 0.89 
(Figure 4). The fat content of ground beef samples determined by 
InfraAlyzer and hexane extraction methods is illustrated in Table 10. 
The average difference between InfraAlyzer values and hexane extraction 
values was very high (7.12%). The correlation between InfraAlyzer 
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Table 6. Protein content of ground pork samples determined by 
InfraAlyzer and Kjeldahl methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Kjeldahl^  Difference 
(% protein) (% protein) 
Mean^  Std. dev. Mean^  Std. dev. 
1 20.05 + 0.34 20.67 + 1.19 -0.62 
2 18.40 + 0.55 19.94 + 0.22 -1.54 
3 19.58 + 0.46 19.38 + 0.55 0.02 
4 18.90 + 1.24 19.54 + 0.65 —0.64 
5 19.53 + 0.83 18.39 + 0.85 1.14 
6 18.28 + 0.68 18.31 + 1.10 -0.03 
7 18.08 + 0.34 18.19 + 0.29 -0.11 
8 17.68 + 0.45 18.20 + 0.69 -0.52 
9 17.63 + 1.25 18.60 + 0.71 -0.97 
10 16.88 + 0.63 18.70 + 0.65 -1.82 
11 16.55 + 0.69 18.43 + 1.37 —1.88 
12 15.85 + 0.79 17.76 + 0.81 -1.91 
13 16.05 + 0.87 17.57 + 0.58 -1.52 
14 15.80 + 0.37 16.60 + 1.11 -0.80 
15 14.58 0.95 16.03 + 1.69 -1.45 
16 13.80 + 0.22 15.87 + 0.30 -2.07 
17 13.23 + 0.50 15.18 + 0.59 -1.95 
18 13.65 + 0.95 15.70 + 0.94 -2.05 
19 13.23 + 0.50 15.87 + 0.31 -2.64 
Total 1270.80 1355.62 -23.86 
Mean 16.72 17.84 -1.12 
Std. dev. 2.28 1.71 
^Correlation between InfraAlyzer and Kjeldahl is 0.93. 
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Figure 1. Correlation between InfraAlyzer values and Kjeldahl values for 
ground pork samples 
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Table 7. Fat content of ground pork samples determined by InfraAlyzer 
and hexane extraction methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Hexane extraction^  Difference 
(% fat) (% fat) 
Mean^  Std. dev. Mean^  Std. dev. 
1 13.00 + 2.33 8.01 + 0.68 4.99 
2 21.78 + 2.81 9.73 + 0.36 12.05 
3 17.65 + 0.41 9.85 + 2.52 7.80 
4 21.60 + 3.87 10.87 + 1.91 10.73 
5 18.60 + 1.78 13.26 + 1.59 5.34 
6 20.35 + 1.38 13.82 + 2.65 6.53 
7 19.18 + 1.04 16.99 + 1.05 2.19 
8 21.95 + 2.98 18.18 + 1.42 3.77 
9 21.28 + 5.01 17.83 + 2.38 3.45 
10 23.40 + 2.66 19.94 + 1.90 3.46 
11 25.48 + 2.94 21.53 + 0.91 3.95 
12 29.05 + 2.14 22.25 + 0.85 6.80 
13 27.08 + 1.93 21.15 + 3.06 5.93 
14 27.95 + 1.28 21.82 + 1.12 6.13 
15 33.18 4. 2.72 27.61 5.14 5.57 
16 35.98 + 0.96 34.04 + 1.89 1.94 
17 36.00 + 1.01 28.32 + 2.67 7.68 
18 35.43 + 2.75 32.89 + 1.80 2.54 
19 37.13 + 1.69 34.55 + 1.78 2.58 
Total 1944.10 1530.53 100.85 
Mean 25.58 20.14 5.44 
Std. dev. 7.36 8.38 
. 
Correlation between InfraAlyzer and hexane extraction is 0.95. 
^Mean % fat (four determinations) + standard deviation. 
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Figure 2. Correlation between InfraAlyzer values and hexane extraction values 
for ground pork samples 
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Table 8. Water content of ground pork samples determined by InfraAlyzer 
and vacuum oven-drying methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Oven-drying^  Difference 
(% HqO) (% H2O) 
Mean^  Std. dev. Mean^  Std. dev. 
1 67.75 + 1.10 70.53 + 0.64 -2.78 
2 63.58 + 0.97 69.16 + 0.41 -5.58 
3 66.20 + 1.51 68.48 + 0.84 -2.28 
4 63.56 + 2.07 67.55 + 0.43 -3.99 
5 65.86 + 1.73 66.27 + 1.08 -0.41 
6 63.11 + 1.19 65.42 + 1.04 -2.31 
7 64.28 + 0.77 64.47 + 0.67 -0.19 
8 62.78 + 1.78 63.00 + 1.16 -0.22 
9 62.67 + 3.48 62.95 + 0.97 -0.28 
10 61.01 + 2.49 60.84 + 0.76 0.17 
11 59.84 + 2.22 60.16 + 0.69 -0.32 
12 57.07 + 2.34 60.09 + 0.91 -3.02 
13 58.21 + 2.07 58.55 + 0.54 -0.34 
14 57.55 + 0.69 57.75 + 0.87 -0.25 
15 53.92 + 2.22 53.47 + 3.83 0.45 
16 51.59 + 0.54 52.61 + 4.61 -1.02 
17 51.76 + 1.03 50.96 + 3.07 0.80 
18 52.12 + 2.21 49.84 + 1.13 2.28 
19 51.43 + 1.38 49.26 + 1.11 2.17 
Total 4537.06 4605.37 -28.86 
Mean 59.70 60.60 -0.90 
Std. dev. 5.55 6.82 
^Correlation between InfraAlyzer and vacuum oven-drying is 0.97. 
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Figure 3. Correlation between InfraAlyzer values and vacuum oven-drying values 
for ground pork samples 
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Table 9. Protein content of ground beef samples determined by 
InfraAlyzer and Kjeldahl methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Kjeldahl* Difference 
(% protein) (% protein) 
Mean^  Std. dev. vr b Mean Std. dev. 
1 16. 28 + 0. 79 20. 05 + 0. 55 -3. 77 
2 14. 55 + 0. 53 17. 39 + 1. 51 -2. 84 
3 14. 08 + 1. 16 19. 10 + 0. 63 -5. 02 
4 14. 00 + 0. 47 17. ,14 + 1. 14 -3. 14 
5 14. 00 + 0. 54 17. 34 + 0. 82 -3. 34 
6 13. 95 + 1. 16 17. ,20 + 0. 88 -3. ,25 
7 14. 75 + 1. 08 17. ,80 + 1. ,46 -3. ,05 
8 12. 90 + 1. 54 17. 18 + 2. 12 -4. ,28 
9 12. 35 + 2. 34 16. 26 + 1. 95 -3. ,91 
10 13. 75 + 1. ,23 16. 81 + 1. 59 -3. 06 
11 13. ,43 + 1. 86 16. 72 + 1. 17 -3, .29 
12 14, ,33 + 1. ,19 16, .14 + 1. 88 -1, .81 
13 12. 38 + 1. 71 14. 16 + 2. 50 -1, .78 
14 12. 58 + 0. 61 14, .80 + 2, ,79 -2. 22 
15 12, .18 + 2. 48 14 .24 + 1. 27 -2, .06 
16 12, .15 + 0. 97 12 .67 + 1. 48 -0 .52 
17 11, .75 + 2, .08 13 .16 + 2, .55 -1 .41 
18 11, .23 + 1, .82 12 .26 + 0, .49 -1 .03 
19 12 .15 + 1, .42 12 .68 + 0 .76 -0, .53 
Total 1011 .00 1212 .29 -50 .31 
Mean 13 .30 15 .95 -2 .65 
Std. dev. 1 .77 2 .60 
^Correlation between InfraAlyzer and Kjeldahl is 0.89. 
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Figure 4. Correlation between InfraAlyzer values and Kjeldahl values for ground 
beef samples 
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Table 10. Fat content of ground beef samples determined by InfraAlyzer 
and hexane extraction methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Hexane extraction^  Difference 
(% fat) (% fat) 
Mean^  Std. dev. Mean^  Std. dev. 
1 9.28 + 1.63 7.71 + 0.77 1.57 
2 9.45 + 1.67 10.17 + 2.01 -0.72 
3 9.50 + 3.65 11.25 + 1.67 -1.75 
4 12.63 + 2.06 14.50 + 0.71 -1.87 
5 11.65 + 1.55 16.81 + 2.55 -5.16 
6 13.40 + 2.66 16.32 + 3.27 -2.92 
7 11.58 + 1.50 17.05 + 2.54 -5.47 
8 16.30 + 6.09 15.65 + 6.26 0.65 
9 16.60 + 2.42 19.36 + 3.93 -2.76 
10 12.95 + 1.35 23.48 + 2.58 -10.53 
11 14.48 + 2.45 22.59 + 0.70 -8.11 
12 12.95 + 4.04 22.30 + 5.16 -9.35 
13 16.15 + 3.08 22.93 + 7.11 -6.78 
14 16.33 + 1.99 29.82 + 1.28 -13.49 
15 14.25 + 4.75 27.38 + 1.25 -13.13 
16 16.60 + 4.22 32.10 + 2.43 -15.50 
17 20.05 + 3.20 30.97 + 3.64 -10.92 
18 21.33 + 3.79 32.31 + 2.04 -10.98 
19 19.85 + 1.82 37.88 + 2.33 -18.03 
Total 1101.20 1642.20 -139.69 
Mean 14.49 21.61 -7.12 
Std. dev. 4.42 8.73 
^Correlation between InfraAlyzer and hexane extraction is 0.85. 
^Mean % fat (four determinations) + standard deviation. 
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values and hexane extraction values was 0.85 (Figure 5). The moisture 
content of ground beef samples determined by InfraAlyzer and vacuum 
oven-drying methods is shown in Table 11. The average difference 
between InfraAlyzer values and vacuum oven-drying values was high 7.9%. 
The correlation between the two methods was low 0.74 (Figure 6). These 
results showed that the prediction equations for ground beef were the 
worst set of calibration curves among the three preliminary curves in 
terms of the predicting accuracy. 
The last set of the three preliminary calibration curves was for 
ground beef and ground pork combination. Each of the 19 samples were 
composed of 50% ground pork and 50% ground beef. Tables 12, 13, and 14 
show the data that were predicted by the calibration equations. The 
accuracy of these calibration curves was not good in predicting the 
principle meat components of the samples. The average differences 
between InfraAlyzer values and proximate analysis values were 0.87% for 
protein, 1.88% for fat, and 0.98% for moisture. The correlations be 
between InfraAlyzer values and chemical values were 0.52 for protein, 
0.92 for fat, and 0.92 for moisture (Figures 7, 8, 9). 
These preliminary prediction data made use of near infrared 
reflectance analysis (NIRA) for proximate analysis meat questionable. 
Since the NIRA has been proven as a very effective analytical 
instrument for measuring solid materials such as grains and cereal 
materials (Hymowitz et al., 1974; Osborne, 1983; Osborne and Feam, 1983; 
Osborne and Douglas, 1981; Osborne et ad. 1981). Research efforts have 
been focused on the sample preparation considerations. A joint project 
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Figure 5. Correlation between InfraAlyzer values and hexane extraction values 
for ground beef samples 
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Table 11. Water content of ground beef samples determined by InfraAlyzer 
and vacuum oven-drying methods (without Vita Mix procedure) 
Sample # InfraAlyzer^  Oven-drying Difference 
(% H?0) (% a?o) 
Mean^  Std. dev. Mean^  Std. dev. 
1 69.73 + 0.39 68.84 + 0.77 0.89 
2 69.08 + 1.95 66.98 + 1.53 2.10 
3 69.53 + 2.05 67.24 + 1.24 2.29 
4 66.88 + 1.39 64.93 + 0.52 1.95 
5 68.00 + 1.34 62.76 + 2.02 5.24 
6 67.13 + 2.10 63.32 + 1.56 3.81 
7 67.75 + 0.76 61.27 + 0.98 6.48 
8 66.33 + 3.57 61.12 + 2.86 5.21 
9 66.55 + 0.40 60.94 + 2.96 5.61 
10 68.53 + 0.83 57.78 + 2.14 10.75 
11 67.40 + 1.22 58.80 + 0.61 8.60 
12 68.13 + 2.36 57.30 + 3.49 10.83 
13 66.98 + 0.72 57.34 + 4.15 9.64 
14 66.95 + 1.64 55.18 + 0.58 11.77 
15 67.95 + 1.79 55.76 + 1.41 12.19 
16 66.85 + 2.04 53.00 + 1.49 13.85 
17 64.40 + 1.25 53.06 + 1.09 11.34 
18 63.25 + 2.32 52.76 + 1.13 10.49 
19 64.55 + 1.77 47.38 + 1.77 17.17 
Total 5130.70 4502.88 150.21 
Mean 67.15 59.25 7.90 
Std. dev. 2.25 5.85 
^Correlation between InfraAlyzer and oven-drying is 0.74. 
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Figure 6. Correlation between InfraAlyzer values and vacuum oven-drying values 
for ground beef samples 
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Table 12. Protein content of ground beef and ground pork mixture 
samples determined by InfraAlyzer and Kjeldahl methods 
(without Vita Mix procedure) 
Sample # InfraAlyzer^  Kjeldahl^  Difference 
(% protein) (% protein) 
Mean^  Std. dev. Mean^  Std. dev. 
1 18.98 + 0.25 19.78 + 0.48 -0.80 
2 18.90 + 0.32 19.30 + 0.24 -0.40 
3 17.95 + 0.33 18.38 + 0.64 -0.43 
4 19.03 + 0.30 18.58 + 0.84 0.45 
5 16.73 + 1.14 17.70 + 1.00 -0.97 
6 17.25 + 0.48 17.98 + 1.81 -0.73 
7 18.18 + 0.49 16.28 + 1.24 1.90 
8 17.28 + 0.97 16.65 + 0.64 0.63 
9 17.28 + 0.68 16.38 + 0.50 0.90 
10 17.33 + 1.60 18.05 + 0.96 -0.72 
11 16.78 + 1.33 19.65 + 0.73 -2.87 
12 16.10 + 0.91 20.18 + 1.21 —4.08 
13 16.48 + 1.26 18.05 + 1.53 -1.57 
14 15.80 + 1.04 16.85 + 0.97 -1.05 
15 16.55 + 0.69 16.53 + 0.28 0.02 
16 15.58 + 0.51 16.55 + 0.91 -0.97 
17 13.60 + 0.57 16.70 + 0.36 -3.10 
18 14.25 + 0.93 16.03 + 0.64 -1.78 
19 14.93 + 0.78 15.93 + 0.38 -1.00 
Total 1275.70 1342.00 -16.57 
Mean 16.79 17.66 -0.87 
Std. dev. 1.67 1.55 
^Correlation between InfraAlyzer and Kjeldahl is 0.52. 
^Mean % protein (four determinations) + standard deviation. 
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Table 13. Fat content of ground beef and ground pork mixture samples 
determined by InfraAlyzer and hexane extraction methods 
(without Vita Mix procedure) 
Sample # InfraAlyzer^  Hexane extraction^  Difference 
(% fat) (% fat) 
Mean^  Std. dev. Mean^  Std. dev. 
1 14.33 + 0.55 21.88 + 3.72 -7.55 
2 14.41 + 0.42 19.10 + 0.99 
-4.69 
3 13.24 + 2.19 16.68 + 2.53 -3.44 
4 14.82 + 0.46 20.38 + 3.65 -5.56 
5 17.88 + 0.90 23.00 + 2.38 -5.12 
6 20.78 + 2.06 23.08 + 4.00 
-2.30 
7 17.56 + 5.08 25.13 + 3.64 -7.57 
8 20.51 + 4.24 26.80 + 4.04 -6.29 
9 22.65 + 0.69 26.30 + 1.88 -3.65 
10 22.88 + 0.46 25.70 + 4.26 -2.82 
11 25.61 + 1.05 26.38 + 4.35 -0.77 
12 27.08 + 0.56 28.28 + 2.37 -1.20 
13 27.73 + 1.06 25.80 + 1.15 1.93 
14 29.01 + 2.03 27.95 + 3.98 1.06 
15 29.15 + 1.25 26.85 + 0.69 2.30 
16 32.07 + 0.89 29.88 + 3.95 2.19 
17 32.38 + 2.59 28.68 + 3.18 3.70 
18 33.61 + 1.60 30.65 + 1.43 2.96 
19 34.19 + 1.58 33.20 + 3.12 0.99 
Total 1799.45 1942.70 -90.46 
Mean 23.68 25.56 -1.88 
Std. dev. 7.13 4.87 
^Correlation between InfraAlyzer and hexane extraction is 0.92. 
^Mean % fat (four determinations) + standard deviation. 
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Table 14. Water content of ground beef and ground pork mixture samples 
determined by InfraAlyzer and vacuum oven-drying methods 
(without Vita Mix procedure) 
Sample # InfraAlyzer^  Oven-drying^  Difference 
(% HqO) (% HQO) 
Mean^  Std. dev. Mean^  Std. dev. 
1 66.68 + 0.34 61.18 + 2.50 5.50 
2 66.50 + 0.67 62.98 + 0. 66 3.52 
3 66.56 + 0.33 64.30 + 1.76 2.26 
4 65.91 + 0.42 62.15 + 2.50 3.76 
5 63.54 + 0.63 59.73 + 1.63 3.81 
6 61.16 + 2.10 59.55 + 2.90 1.61 
7 62.59 + 1.18 57.88 + 2.70 4.71 
8 60.06 + 1.03 56.70 + 3.06 3.36 
9 59.66 + 1.06 57.25 + 1.28 2.41 
10 59.76 + 0.95 58.30 + 2.90 1.46 
11 57.57 + 0.86 57.93 + 2.76 -0.36 
12 56.94 + 0.99 56.85 + 1.61 -0.09 
13 56.16 + 0.61 58.23 + 1.01 -2.07 
14 55.51 + 1.25 56.38 + 3.20 -0.87 
15 55.20 + 0.99 57.15 + 0.42 -1.95 
16 53.04 + 0.60 54.98 + 2.88 -1.94 
17 52.30 + 1.85 55.75 + 2.39 -3.45 
18 51.57 + 1.69 54.20 + 1.02 -2.63 
19 51.53 + 1.65 52.15 + 2.19 -0.62 
Total 4488.79 4414.40 46.38 
Mean 59.06 58.08 0.98 
Std. dev. 5.22 3.57 
C^orrelation between InfraAlyzer and vacuum oven-drying is 0.92. 
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Figure 9. Correlation between InfraAlyzer values and vacuum oven-drying 
values for ground beef and ground pork samples 
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of the NIRA applications staff at Technicon Industrial System (Technicon 
Corp., Tarrytown, N.Y.) tested many name brand blenders. They suggested 
that a Vita Mix blender, manufactured by Vita Mix Corp. (Cleveland, 
Ohio), might be a solution to improve the accuracy of NIRA in 
determining the meat components. Besides the Vita Mix blender for 
better sample preparation procedures, a Hewlett-Packard 85 PC for 
wavelength selection was also obtained. The HP-85 can perform multiple 
linear regression on all 19 filters and with the all possible combination 
search software programs, it improved the prediction precision of the 
calibration equations over the HP 9815'A'. 
Table 15 contains the regression equations obtained from the 
calibration data set (19 samples) using the Hewlett-Packard 85 PC. 
2 The R values for hydroxyproline, fat, and water were 0.9389, 0.9329, 
and 0.9425, respectively, with large F values of 92.29, 87.20, and 
108.2, respectively. This indicates that these regression equations 
2 have overall "goodness of fit". The R value for protein was only 
0.7745 and a low F value of 19.79. This shows that the protein 
equation has low overall "goodness of fit" and therefore, needs further 
improvement. 
The hydroxyproline content of meat samples determined by the 
calibration equation developed from InfraAlyzer and Stegemann and 
Stadler methods is shown in Table 16. The hydroxyproline increased 
almost two-fold from sample 1 through sample 19 when using the chemical 
method. Some inconsistent results were found in sample 2, sample 4, 
and sample 8 which were probably due to experimental or sampling 
Table 15. Prediction calibration equations for beef collagen 
2 Meat Prediction equations R SEE F Prediction 
components ranges 
llydroxyproline Y=-0.398 - 14.18?^  ^+ 12.38F^  ^ 0.9389 0.024 92.29 0.146-0.335 
+13.77F^  ^- IS.OOF^ g + 3.42Fig 
Protein Y=20.03 - 36.52F^  + 19.65F^ 2 0.7745 0.69 19.79 20.2-21.8 
-15.37F^ 2 + 102.9F^  - 72.18Fj^ g 
Fat Y=-14.17 + 100.SF^  - 3.434Fg 0.9329 1.26 87.20 5.80-12.30 
-224.0F^ 2 + 220.6F^ g - 76.66Fj^ g 
HgO Y=64.80 - 131.9Fg + 171.IF^  0.9425 0.99 108.2 67.5-73.00 
+180.6F^ 2 - 260.7F^ 3 + 40.32F^  ^
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Table 16. Hydroxyproline content of meat samples determined by 
InfraAlyzer and chemical methods (Stegemann and Stadler) 
Sample # InfraAlyzer^  Chemical^  Difference 
(mg HOP/g sample) (mg HOP/g sample) 
Mean^  Std. dev. Mean^  Std. dev. 
1 0.2270 + 0.0084 0.1648 + 0.0078 0.0622 
2 0.2115 + 0.0176 0.1928 + 0.0169 0.0187 
3 0.2285 + 0.0164 0.1793 + 0.0092 0.0492 
4 0.1963 + 0.0102 0.2323 + 0.0060 -0.036 
5 0.2430 + 0.0118 0.1728 + 0.0035 0.0702 
6 0.2848 + 0.0090 0.1738 + 0.0038 0.111 
7 0.2870 + 0.0190 0.1833 + 0.0036 0.1037 
8 0.2478 + 0.0184 0.2250 + 0.0157 0.0228 
9 0.2478 + 0.0153 0.1805 + 0.0009 0.0673 
10 0.2735 + 0.0099 0.2050 + 0.0042 0.0685 
11 0.2675 + 0.0073 0.2153 + 0.0302 0.0522 
12 0.2663 + 0.0183 0.2400 + 0.0233 0.0263 
13 0.2900 + 0.0110 0.2038 + 0.0164 0.0862 
14 0.3038 + 0.0116 0.2150 + 0.0236 0.0888 
15 0.2918 + 0.0150 0.2675 + 0.0120 0.0243 
16 0.2968 + 0.0142 0.2543 + 0.0097 0.0425 
17 0.3003 + 0.0283 0.2583 + 0.0327 0.042 
18 0.3073 + 0.0136 0.2498 + 0.0225 0.0575 
19 0.2763 + 0.0875 0.3070 + 0.0196 -0.0307 
Total 20.187 16.480 0.9267 
Mean 0.2656 0.2168 0.0488 
Std. dev. 0.0388 0.0407 
C^orrelation coefficient between InfraAlyzer and chemical is 0.41. 
^Mean hydroxyproline content (four determinations) + standard 
deviation. 
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errors. The hydroxyproline content obtained by near infrared analysis 
did not increase as much as those determined by chemical method. 
Therefore, a low correlation was found between InfraAlyzer values and 
chemical values (0.41) (Figure 10). The mean difference between the 
InfraAlyzer method and the chemical method was 0.0488 mg hydroxyproline 
per gram sample. 
The water content of meat samples determined by InfraAlyzer and 
vacuum oven-drying methods was generally very close (Table 17). The 
average difference for water contents between InfraAlyzer values and 
vacuum oven-drying values was 1.83%. The correlation between 
InfraAlyzer values and vacuum oven-drying values was 0.95 (Figure 11). 
The protein content of meat samples determined by Kjeldahl and 
InfraAlyzer methods is shown in Table 18. The average difference 
between InfraAlyzer values and Kjeldahl values was 0.81%. Because 
the protein contents from sample 1 through sample 19 did not vary 
greatly, the low correlation coefficient of 0.63 between InfraAlyzer 
values and Kjeldahl values may be meaningless (Figure 12). 
The fat content of meat samples determined by InfraAlyzer and 
hexane extraction methods is illustrated in Table 19. There were 
inconsistent decreases of fat content for both methods, but they were 
in close agreement. Both decreased or increased within each sample. 
This indicates that InfraAlyzer actually measures the fat content of 
the meat sample. The average difference between InfraAlyzer values 
and hexane extraction values was 0.77%. The correlation between 
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Figure 10, Correlation between InfraAlyzer values and hydroxyprollne analysis 
values for emulsified beef samples 
82 
Table 17. Water content of meat samples determined by InfraAlyzer and 
vacuum oven-drying methods 
Sample # InfraAlyzer^  Oven-drying^  Difference 
(% HqG) (% H7O) 
Mean^  Std. dev. îfean^  Std. dev. 
1 69.45 + 0.19 67.51 + 0.11 1.94 
2 68.55 + 0.21 66.29 + 0.28 2.26 
3 69.93 + 0.33 67.37 + 0.70 2.56 
4 67.83 + 0.30 65.04 + 0.68 2.79 
5 69.98 + 0.19 67.58 + 0.15 2.40 
6 71.23 + 0.13 68.89 + 1.35 2.34 
7 71.50 + 0.55 68.85 + 1.30 2.65 
8 69.95 + 0.29 66.54 + 1.36 - 3.41 
9 70.70 + • 0.62 68.68 + 0.76 2.02 
10 70.93 + 0.42 69.33 + 0.15 1.60 
11 71.60 + 0.32 70.75 + 0.16 0.85 
12 71.18 + 0.53 69.86 + 0.33 1.32 
13 72.03 + 0.48 70.82 + 0.38 1.21 
14 72.38 + 0.39 70.89 + 0.58 1.49 
15 72.08 + 0.53 70.05 + 0.74 2.03 
16 72.20 + 0.22 71.77 + 0.64 0.43 
17 72.15 + 0.24 70.14 + 0.92 2.01 
18 72.23 + 0.64 72.08 + 0.32 0.15 
19 72.43 + 0.60 71.09 + 0.17 1.34 
Total 5393.10 5254.02 34.8 
Mean 70.96 69.13 1.83 
Std. dev. 1.37 2.05 
^Correlation between InfraAlyzer and oven-drying is 0.95. 
^Mean % H^O (four determinations) + standard deviation. 
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Figure 11. Correlation between InfraAlyzer values and vacuum oven-drying 
values for emulsified beef samples 
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Table 18. Protein content of meat samples determined by InfraAlyzer 
and Kjeldahl methods 
Sample # InfraAlyzer^  Kjeldahl^  Difference 
(% protein) (% protein) 
Mean^  Std. dev. Mean^  Std. dev. 
1 20.43 + 0.19 21.70 + 0.01 -1.27 
2 20.35 + 0.13 21.17 + 0.12 -0.82 
3 20.80 + 0.12 21.66 + 0.18 -0.'86 
4 20.53 + 0.28 21.03 + 0.21 -0.50 
5 20.78 + 0.05 21.25 + 0.68 -0.47 
6 20.88 + 0.13 21.95 + 0.64 -1.07 
7 20.98 + 0.17 21.66 + 0.16 —0.68 
8 20.65 + 0.31 21.18 + 0.15 -0.53 
9 21.00 + 0.14 22.13 + 0.32 -1.13 
10 20.98 + 0.10 21.10 + 0.64 -0.12 
11 21.30 + 0.08 22.35 + 0.13 -1.05 
12 21.28 + 0.13 22.09 + 0.41 -0.81 
13 21.43 + 0.19 22.08 + 0.29 -0.65 
14 21.48 + 0.10 21.82 + 0.04 -0.34 
15 21.35 + 0.17 22.33 + 0.10 -0.98 
16 21.55 + 0.19 21,60 + 0.10 -0.05 
17 21.35 + 0.13 22.94 + 0.32 -1.59 
18 21.40 + 0.14 21.83 + 0.40 -0.43 
19 21.45 + 0.17 23.55 + 0.32 -2.10 
Total 1599.70 1224.65 -15.45 
Mean 21.05 21.87 -0.81 
Std. dev. 0.40 0.70 
^Correlation between InfraAlyzer and Kjeldahl is 0.63. 
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Figure 12. Correlation between InfraAlyzer values and Kjeldahl values for 
emulsified beef samples 
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Table 19. Fat content of meat samples determined by InfraAlyzer and 
hexane extraction methods 
Sample # InfraAlyzer^  Hexane extraction^  Difference 
(% fat) (% fat) 
« b Mean Std. dev. Mean^  Std. dev. 
1 9.98 + 0.41 9.19 + 0.10 0.78 
2 11.28 + 0.21 10.83 + 0.22 0.45 
3 9.73 + 0.33 9.42 + 0.59 0.31 
4 11.95 + 0.37 10.58 + 1.83 1.37 
5 9.65 + 0.33 8.59 + 0.89 0.96 
6 7.40 + 0.14 7.44 + 1.32 -0.44 
7 7.63 + 0.44 7.64 + 1.41 -0.01 
8 9.30 + 0.22 11.11 + 0.86 -1.81 
9 8.83 + 0.57 6.09 + 0.33 2.74 
10 7.70 + 0.14 6.36 + 0.58 1.34 
11 7.68 + 0.38 6.12 + 0.04 1.55 
12 8.05 + 0.17 6.56 + 0.94 . 1.50 
13 6.78 + 0.17 5.95 + 0.29 0.83 
14 6.40 + 0.34 5.98 + 0.45 0.43 
15 6.60 + 0.27 6.29 + 0.61 0.32 
16 5.95 + 0.10 5.84 + 0.58 0.11 
17 6.75 + 0.31 6.25 + 0.82 0.50 
18 6.18 + 0.33 4.87 + 0.18 1.31 
19 6.98 + 1.82 4.60 + 0.13 2.38 
Total 619.10 559.17 14.58 
Mean 8.15 7.36 0.77 
Std. dev. 1.77 2.09 
^Correlation between InfraAlyzer and hexane extraction is 0.87. 
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Table 20 contains the regression equations obtained from the 
calibration data set (19 samples) using the Hewlett-Packard 85 PC. The 
2 
R values for protein, fat, and water were 0.9469, 0.9662, and 0.9524, 
respectively, with large F values of 235.25, 365.34, and 259.94, 
respectively. These equations are the best among all the calibration 
equations developed so far. The protein content of emulsified pork 
samples determined by InfraAlyzer and Kjeldahl methods was generally 
in close agreement (Table 21). There were consistent decreases of 
protein contents for both methods. The average difference between 
InfraAlyzer values and Kjeldahl values was 1.17%. The correlation 
between InfraAlyzer values and Kjeldahl values was 0.91 (Figure 14). 
The fat content of emulsified pork samples determined by InfraAlyzer 
and hexane extraction methods is shown in Table 22 which were in very 
close agreement since both increased proportionally. The average 
difference between InfraAlyzer values and hexane extraction values 
was 0.44% with a correlation between the two methods of 0.98 
(Figure 15). 
The water content of emulsified pork samples determined by 
InfraAlyzer and vacuum oven-drying methods is illustrated in Table 23. 
The water contents decreased from sample 1 through sample 19 by 
both methods. They were generally in close agreement, except with very 
high fat content samples. The average difference between InfraAlyzer 
values and vacuum oven-drying values was 1.29% with a correlation 
between the two methods of 0.97 (Figure 16). 
Table 20. Prediction calibration equations for emulsified pork samples 
2 Meat Prediction equations R SEE F Prediction 
components ranges 
Protein Y=26.32 + 99.17F^  - 54.85F^  ^- 267.SF^  ^ 0.9(69 0.5657 235.25 12.0-19.7 
+X38.3F^ g + 75.77F2Q 
Fat Y=82.62 - 166.32Fg - 2.935F^  ^+ 370.AAF^  ^ 0.9662 2.3422 365.34 7.3-48.1 
-83.40Fjg - I6O.9F20 
Moisture Y=24.93 + 86.70F, + 18.52Fi, - 198.OF^  ^ 0.9524 2.1584 259.94 9.7-53.6 5 16 17 
-ll.lBF^ g + 133.3F2Q 
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Table 21. Protein content of emulsified pork samples determined by 
InfraAlyzer and Kjeldahl methods 
Sample # InfraAlyzer^  Kjeldahl^  Difference 
(% protein) (% protein) 
Mean^  Std. dev. vr b Mean Std. dev. 
1 19.70 + 0.000 20.23 + 0.06 -0.53 
2 18.97 + 0.15 20.13 + 0.29 -1.16 
3 17.17 + 0.12 17.80 + 0.30 -0.63 
4 16.43 + 0.21 17.37 + 0.12 -0.94 
5 16.10 + 0.30 16.57 + 0.32 -0.47 
6 15.90 + 0.79 16.97 + 0.71 -1.07 
7 14.40 + 0.44 15.33 + 0.61 -0.93 
8 14.60 + 0.10 15.33 + 0.70 -0.73 
9 15.07 + 0.15 17.13 + 0.31 -2.06 
10 15.90 + 0.20 17.73 + 0.29 -1.83 
11 13.73 + 0.15 16.23 + 1.38 -2.50 
12 14.27 + 0.06 • 16.10 + 0.10 -1.83 
13 13.00 + 0.17 15.63 + 0.21 -2.63 
14 12.90 + 0.26 14.97 + 0.87 -2.07 
15 13.90 + 0.36 15.87 + 0.06 -1.97 
16 13.43 + 0.15 14.27 + 0.15 —0.84 
17 13.43 + 0.06 14.17 + 0.25 -0.74 
18 13.83 + 0.15 13.80 + 0.35 0.03 
19 12.30 + 0.26 11.57 + 0.86 0.73 
Total 855.10 921.60 -23.69 
Mean 15.00 16.17 -1.17 
Std. dev. 1.99 2.09 
^Correlation between InfraAlyzer and Kjeldahl methods is 0.91. 
^Mean % protein (three determinations) + standard deviation. 
KJELDAHL VALUE (% protein) 
Figure 14. Correlation between InfraAlyzer values and Kjeldahl values for 
emulsified pork samples 
92 
Table 22. Fat content of emulsified pork samples determined by 
InfraAlyzer and hexane extraction methods 
Sample # InfraAlyzer^  Hexane extraction^  Difference 
(% fat) (% fat) 
Mean^  Std. dev. Mean^  Std. dev. 
1 8.37 + 0.95 9.90 + 0.35 -1.53 
2 10.87 + 0.85 11.87 + 0.58 -1.00 
3 20.27 + 0.83 19.83 + 0.23 0.44 
4 24.63 0.68 23.27 + 0.15 1.36 
5 25.73 + 0.75 24.47 + 0.35 1.26 
6 26.53 + 3.11 26.37 + 0.85 0.20 
7 32.70 + 1.55 29.20 + 1.21 3.50 
8 33.00 + 0.70 31.80 + 0.26 1.20 
9 23.67 + 0.31 22.63 + 0.12 1.04 
10 20.27 + 0.85 20.83 + 0.32 -0.56 
11 29.20 + 0.00 28.40 + 0.26 0.80 
12 26.83 + 0.35 26.13 + 0.12 0.70 
13 31.50 + 0.80 31.67 + 0.38 -0.17 
14 33.30 + 0.17 33.33 + 0.20 -0.03 
15 29.17 + 0.50 31.20 + 1.40 -2.03 
16 34.07 + 1.32 35.70 + 1.05 -1.63 
17 34.67 + 0.40 37.80 + 1.80 -3.13 
18 35.90 + 0.60 39.73 + 1.43 -3.83 
19 46.60 + 1.67 51.43 + 2.20 -4.83 
Total 1581.80 1606.70 -29.07 
Mean 27.75 28.19 -0.44 
Std. dev. 8.76 9.53 
^Correlation between Infraalyzer and hexane extraction is 0.98. 
^Mean % fat (three determinations) + standard deviation. 
0-
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HEXANE EXTRACTION VALUE (% M 
Figure 15. Correlation between InfraAlyzer values and hexane extraction 
values for emulsified pork samples 
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Table 23. Water content of emulsified pork samples determined by 
InfraAlyzer and vacuum oven-drying methods 
Sample # ' InfraAlyzer^  Oven-drying^  Difference 
(% HqO) (% H,0) 
Mean^  Std. dev. Mean^  Std. dev. 
1 69.53 + 0.61 68.03 + 0.31 1.50 
2 67.90 + 0.60 66.53 + 0.42 1.37 
3 61.20 + 0.46 61.70 + 0.26 -0.50 




5 57.07 + 0.42 58.13 + 0.25 -1.06 
6 56.57 + 2.22 56.37 + 0.75 0.20 
7 52.17 + 1.03 54.50 + 0.87 -2.33 
8 51.63 + 0.67 52.63 + 0.12 -1.00 
9 59.47 + 0.15 58.87 + 0.12 0.60 
10 61.57 + 0.57 60.37 + 0.06 1.20 
11 55.80 + 0.26 54.37 + 0.12 1.43 
12 57.47 + 0.15 56.30 + 0.10 1.17 
13 54.50 + 0.44 51.90 + 0.26 2.60 
14 53.17 + 0.15 51.00 + 0.17 2.17 
15 55.87 + 0.12 52.53 + 1.34 3.34 
16 52.30 + 0.70 49.60 + 1.01 2.70 
17 51.57 + 0.06 47.70 + 1.75 3.87 
18 50.23 + 0.38 46.13 + 1.15 4.10 
19 40.93 + 1.38 37.10 + 2.11 3.83 
Total 3201.00 3127.60 24.49 
Mean 56.16 54.87 1.29 
Std. dev. 6.33 7.12 
^Correlation between InfraAlyzer and vacuum oven-drying is 0.97. 
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Figure 16. Correlation between InfraAlyzer values and vacuum oven-drying values 
for emulsified pork samples 
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Compared to the results between calibration from samples that did 
not use the Vita Mix procedure and the samples that went through the 
Vita Mix procedure, the evidence clearly shows that more homogeneous 
sample preparation gave much better results. The other beneficial 
factor might be due to the use of the HP-85, which gave much better 
wavelength and sample selection since all 19 filters could be used, 
compared to a limit of 13 filters on the HP 9815'A'. Hence, more 
accurate prediction calibration equations were obtained. 
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CONCLUSIONS 
Near Infrared Reflectance Analysis (NIRA) has several advantages 
over other traditional analytical analyses. NIRA is a computerized 
spectrophotometric approach which is capable of analyzing thousands 
of samples in a day and it is nondestructive (no wet chemicals 
involved). A negative side of NIRA is that it relies on the users to 
do the proper wavelength and sample selection in order to obtain the 
most representative calibration curves for routine operation. The 
expense of the equipment may prohibit the use of some of the smaller 
food processors. Recent research efforts have been concentrated on 
developing the sample algorithms to reduce the number of calibration 
samples required. Reducing the calibration workload can result in a 
ready transfer of the calibration equations that have been developed 
from the InfraAlyzer to those used for routine analysis. This 
automation technology shows a very promising future to produce the 
on-line monitoring for process control. 
In this project, the results indicated that the NIRA can be used 
to determine the major meat components such as protein, fat, and 
water. The average difference between InfraAlyzer and chemical methods 
for protein and fat was less than 1% and less than 2% for water 
determination. In the emulsified pork data, the high correlation 
between InfraAlyzer values and chemical analysis values (0.8857 for 
protein, 0.9725 for fat, and 0.9628 for water) are very encouraging 
and indicate that NIRA may be a rapid alternative method to determine 
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meat components. When NISA was used to measure the hydroxyproline 
content (collagen determination) of the beef muscle, it was not very 
successful. Since collagen is such a tough structural component in 
muscle, it is very difficult to obtain a homogeneous sample of 
collagen. When the high collagen samples were mixed in the Vita Mix 
blender, considerable heat was produced which may have influenced the 
InfraAlyzer readings. Because of the inconsistent increases of 
hydroxyproline values determined by InfraAlyzer, the correlation 
coefficient was very low between InfraAlyzer and chemical methods. 
It is still unclear whether the InfraAlyzer really measures collagen. 
Further research is needed to provide a better sampling procedure for 
collagen determination. Sample preparation is very important in the 
successful utility of NIRA. Methods, other than the Vita Mix blender, 
may be needed to maximize the measurement. Further research is needed 
to improve sample preparation procedures. 
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The official (AGAC, 1980) method for protein determination is the 
Kjeldahl method. 
Kjeldahl procedures 
1. Weigh accurately (+ 0.1 mg) a sample on weighing paper. 
Sample should be about 1 g for meat samples. Fold paper around sample 
and drop in large Kjeldahl flask. 
2. Whenever using a new reagent, or every week or so regardless, 
one should run two blanks through the entire procedure. Fold a sheet 
of weighing paper, drop into Kjeldahl flask and start at step 3. 
3. Add a Kel-Pac + 8-10 Henger's granules (or about 5 g KgSO^  
plus 8-10 Henger's granules) and 20 ml concentrate HgSO^ . 
4. Digest on heating rack 45 minutes if Kel-Paks are used; 75 
minutes if not. 
5. Remove flasks, stopper with rubber stoppers and cool to room 
temperature. Add 200 ml water and cool again. 
6. Prepare distillation collection flasks: to 500 ml Erlenmeyer, 
add 50 ml of 4% boric acid, 4-6 (when fresh) drops indicator and 75 ml 
deionized, distilled water. Set flasks in distillation apparatus, 
making sure that the end of the glass tubing is well below the surface 
of the solution. 
7. Turn on distillation burners and wait until they are hot. Add 
75 ml concentrate NaOH solution to Kjeldahl flask, quickly connect it 
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to the stopper on the distillation apparatus, shake and set flask on 
burner. Do all of this one flask at a time. 
8. Distill for 10 minutes past onset of boiling, then set the 
collection flasks on the next shelf down, allowing the distillate to 
drip into the flasks. This rinses the tubing. 
9. Remove the collection flasks, and replace them with beakers 
full of water. Turn off the burners, and as the flasks cool, the 
pressure will drop causing the water in the beakers to back-up into 
the flasks - this rinses the system. 
10. Titrate the collection flasks just to the first permanent 
purple color and record the amount of HCl used. 
11. Calculate the % nitrogen and % protein. 
Reagents for Kjeldahl procedures 
1. Concentrate NaOH solution: 50% (w/v) NaOH, 4.22% (w/v) sodium 
thiosulfate (NaS202*5H20). Dissolve the sodium thiosulfate in about 
00% of the final volume of water (e.g., to make 10 liters of solution, 
start with 6 liters of water). Slowly add the NaOH while stirring. 
Let the solution cool before using. Alternate method (presently 
being used): dissolve 1 lb NaOH pellets in 1 liter of HgO; cool 
before using. 
2. Titration indicator: dissolve 0.225 g methyl red and 0.083 g 
methylene blue in 100 ml of 100% EtOH, usually make 50 ml at a time 
or it gets old too fast. 
3. 4% boric acid: 40 g/liter. Use granular boric acid. 
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4. 0.1 N HCl; dilute concentrate HCl 1:120. To accurately 
determine the normality, you must titrate against a standard NaOH 
solution, using phenolpthalein (0.5% in 50% EtOH) as an indicator. 
Use 3-20 ml samples. 
5. Standard NaOH solution: dissolve 4.1 g NaOH in water and 
dilute to 1 liter. Spread a few grams potassium acid pthalate out in 
weighing dishes and dry in 120°C oven for 2 hours to remove any 
moisture. Cool in desiccator and accurately (+ 0.1 mg) weigh 3 
samples of about 0.9 g each (record weight). Dissolve each sample in 
100 ml water, and add a few drops of phenolpthalein indicator (as 
above). Titrate against the 0.1 N NaOH solution. Use the following 
formula to calculate the normality of the NaOH, and average the 3 
three results: normality of 
_ (grams potassium pthalate)/(0.20423/meg) 
 ^ ml NaOH used to titrate 
Fat Analysis 
The official (AOAC, 1980) method uses an organic solvent (Goldfisch 
method) to extract the lipid components and measure either sample 
weight lost or weight of components extracted. 
Materials needed for Goldfisch extraction 
1. Goldfisch extraction apparatus. 
2. Organic solvent-ether is effective, but dangerous. Skelly B 
(hexane) works well and is less likely to ignite. 
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3. Sample holders-cellulose thimbles work very well, but are 
somewhat expensive. Filter paper can be used to enclose the sample 
for extraction as a good alternative. 
4. Analytical balance. 
5. Tongs. 
Pro cedures 
1. A dried sample works best for the extraction. Thus, the same 
samples used for the water determination in the vacuum oven may 
subsequently be used for this extraction. Place the sample into the 
sample holders and suspend them on the Goldfisch condensors. 
2. Add solvent to the beakers (approximately 50 ml or about 1/2 
beaker) and attach to the extraction unit, making sure that the beaker 
is tight. 
3. Turn on condensor water and check to see that it is 
circulating. 
4. Raise heaters and turn on low heat. Heating should be 
sufficient to produce about 100-150 drops of solvent per minute from 
the condensor. Add solvent as necessary during extraction. 
5. Extract for 18 hours. When finished, turn off the heat and 
allow burners to cool. Also, cover the heaters when removing the 
samples to avoid any dripping of solvent onto hot heating faces. 
6. Remove sample and evaporate the solvent on a steam bath, a 
low temperature oven, or by air-drying. 
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7. Place samples in a desiccator to cool, then reweigh to 
determine the weight of fat lost. 
y _ (Dried weight-extracted weight) x 100 
Original (undried) sample weight 
Vacuum Oven Drying 
Materials needed 
1. Vacuum oven - connect with a vacuum pump capable of a partial 
vacuum. Vacuum ^  100 mm Hg. 
2. Desiccators with drying agent (drierite with indicator is 
effective). 
3. Analytical balance. 
4. Aluminum weighing dishes or cellulose thimbles (extraction 
sheels). 
5. Tongs for dish or thimble handling. 
6. Large test tube racks. 
Procedures 
1. Use tongs to handle thimbles or dishes to prevent fingerprints 
and moisture absorption. Label with a pencil, not ink. Weigh the 
empty container on the analytical balance and add about 10 grams of 
sample to the container. 
2. Reweigh the sample carefully to get exact sample weight. 
Prepare duplicate samples of each product analyzed. 
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3. Place samples in the vacuum oven for drying. Use large test 
tube racks for thimbles if they are used. Dry the samples under 
vacuum at 90-100°C for 18 hours.. 
4. After drying, turn off the vacuum pump, release the vacuum 
and transfer the samples to a desiccator to cool. 
„ . ^  (sample weight-dried weight) x 100 L moisture = —^ . , • ?— 
Sample weight 
Collagen Protein Determination 
(Hydroxyproline Determination) 
2 Preparation procedures 
1. (For fresh meat samples) To the sample, add 50 ml of 6 N HCl 
and place in a 250 ml Erlenmeyer flask. (Make a quantitative transfer 
using a total of 50 ml of 6 N HCl.) Cover flask with 50 ml beaker. 
(For dried samples) To the sample, add 10 ml 6 N HCl and place 
in a 250 ml Erlenmeyer flask. (Make a quantitative transfer using a 
total of 10 ml of 6 N HCl.) Cover flask with a 50 ml beaker. 
2. Autoclave (hydrolyze) for at least 6 hours or overnight, at 
16-19 lbs of pressure (122-216°C). 
3. Remove from autoclave and allow hydrolysate to cool to room 
temperature. 
R^eference: Stegemann, H. and Stadler, K. 1967. Determination of 
hydroxyproline. Clinica Chimica Acta 18:267. 
2 Sample extracted or unextracted should contain in the range of 
200-900 mg of collagen. 
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4. Add deionized HgO to make 100 ml in flask. 
5. Neutralize with 5 ml of 10 N NaOH (dried sample), or 25 ml of 
10 N NaOH for fresh samples. 
6. Bring solution to pH 7.0 + 0.2 with pH meter using NaOH and 
HCl. 
7. Add a very, very small amount of charcoal (Norit A) and Dowex 
I-X8 ion exchange resin to clarify solution. 
8. For a short-cut, bring sample to 250 ml volume and then filter 
aliquot into a tube. This shortens the filtering time. 
Determination procedures 
Run a 2.5 yg/ml Std. with each sample run. 
1. Unknown: Pipette 0.25 ml unknown + 1.75 ml HgO. 
2. Blank = 2 ml H2O. 
3. Standard = 0.25 ml of 10 yg of HOP/mo + 1.75 ml H^ O. 
4. Add 1.0 ml of Chloramine T solution. Mix well and let stand 
for 15 minutes at room temperature. 
5. Add 1.0 ml of Aldehyde/acid solution. Mix well. Place tubes 
in 60°C + 0.5°C water bath for 20 minutes exactly. 
6. Cool tubes briefly under cold running tap water and then 
place in room temperature water bath for 5 minutes. 
7. Measure absorbance against water blank (#2 above) at 558 nm. 
8. NOTE: Rinse cuvette with buffer after completing 
determination and then thoroughly rinse with water to avoid cloudy 
solution in cuvette cell. 
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9. Calculation: 
HOP/g» sampl. «. -
[(Abs. X 6.1) - .05] X .125 
sample wt. (gm) 
(Abs. X .7625) - .00625 
sample wt. (gm) 
Standard curve procedures 
Sensitivity range = 0-5 yg/ml. 
1. Pipette in duplicate as follows: 
HOP standard ml H^ O concentration of HOP 
0 2.0 0 yg/ml 
0.2 1.8 1 yg/ml 
0.4 1.6 2 yg/ml 
0.5 1.5 2.5 yg/ml (duplicate) 
0.6 1.4 3 yg/ml 
0.8 1.2 4 yg/ml 
1.0 1.0 5 Ug/ml 
2. Follow the determination procedure starting at step 3. 
3. After step 7 of the determination procedure, plot 
hydroxyproline concentration vs absorbance and determine regression 
Prediction equation derived upon current standard curve 
(0-5 yg/ml). 




1. Acetate buffer 
50 gm citric acid H^ O 
12 ml acetic acid (glacetial) 
120 gm sodium acetate SH^ O 
34 gm NaOH 
Combine in HgO and bring to 1 liter volume with HgO. 
2. Chloramine T (prepare fresh each day) 
1.41 grams Chloramine T 
Add 20 ml H^ O 
Add 10 ml n-propanol 
Add 70 ml of acetatebuffer (pH 6.0) 
3. Aldehyde/acid solution 
(a) DABA/acid solution 
Dissolve 15 gm of p-DABA into 25 ml of 60% perchloric 
acid. Caution: solution gets hot after combining 
ingredients. 
Store in dark bottle - stable for several weeks 
(b) n-propanol 
Just before determinations, mix solutions (a) and (b) 
as follows; 
25 ml of solution (a) 
75 ml of solution (b) 
(Mix 1:3 ratio in quantities as needed.) 
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4. Hydroxyproline standard solution (10 yg/ml) 
Stock = 100 mg/100 ml of H^ O (add 2 drops of 6 N HCl) 
Standard = dilute 1 ml of stock to 100 ml of H^ O (store 
in refrigerator - stable for several months). 
